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1.0 INTRODUCTION

The United States Air Force (USAF) prepared this Record Of Decision (ROD) to document the

Remedial Action Plan for Operable Unit No. 1 (OU-1) at Luke Air Force Base, Arizona (Luke AFB). The

ROD was prepared in adherence with the rules and regulations of the Comprehensive Environmental
Response, Compensation, and Liability Act of 1980 (CERCLA), the 1986 Superfund Amendments and

Reauthorization Act (SARA), and to the extent practical the National Oil and Hazardous Pollution

Contingency Plan (NCP). This ROD has three main purposes:

• The ROD serves a legal function in that it certifies that the remedy selection process was carried out
in accordance with the procedural and substantive requirements of CERCLA and, to the extent
practicable, the NCP;

• The ROD is a technical document that outlines the engineering components and remediation goals
of the selected remedy; and

• The ROD is informational, providing the public with a consolidated source of information about the
history, characteristics, and risks posed by the conditions at the site, as well as a summary of the
cleanup alternatives considered, their evaluation, and the rationale behind the selected remedy.

The Remedial Action Plan presented in this ROD was developed based on the results of the OU-1

Remedial Investigation and Feasibility Study. Detailed results of these studies are provided in the OU-1
Remedial Investigation, Luke Air Force Base. Volumes I and 2 (Geraghty & Miller, 1997a; AR # 188,189)
and OU-1 Feasibility Study Report, Luke Air Force Base, Arizona (ARCADIS Geraghty & Miller, 1998a,
AR# 207), respectively.

Based on guidance found in the Interim Final Guidance on Preparing Superfund Decision

Documents: The Proposed Plan, The Record of Decision, Explanation of Significant Differences, The Record

of Decision Amendment (U.S. Environmental Protection Agency, 1989a), the ROD has been organized into
three distinct sections:

The Declaration functions as an abstract for the key information contained in the ROD;

The Decision Summary provides an overview of the site characteristics, the alternatives evaluated,
and the analysis of those options. The Decision Summary also identifies the selected remedy and
explains how the remedy fulfills statutory requirements; and

The Responsiveness Summary addresses public comments received on the Proposed Plan and
throughout the remedy selection process.
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2.0 DECLARATION FOR THE RECORD OF DECISION

2.1 SITE NAME AND LOCATION

Operable Unit No. 1

Luke Air Force Base, Arizona

2.2 STATEMENT OF BASIS AND PURPOSE

This ROD is a decision document that presents the remedial action plan developed for OU-1 of Luke
AFB. The ROD summarizes the problems posed by the conditions at OU-1, the remedial alternatives
considered for addressing those problems, and the comparative analysis of those alternatives against nine
evaluation criteria. The ROD then presents the selected remedy and provides the rationale for that selection.

A remedy was selected for soil impacts at eight potential sources of contamination (PSCs) designated
as PSCs RW-02, LF-03, FT-07E, DP-13, LF-14, LF-25, SD-38 and SS-42. Although the OU-1 investigation
included the investigation of soils at 25 PSCs and the Base-wide investigation of air, surface water, and
groundwater resources, only the soils at the eight PSCs listed above required the selection of a remedy.

This ROD was developed in accordance with the rules and regulations of CERCLA, as amended by
the SARA, and to the extent practicable, the procedures outlined in the NCP. This decision document is based
on the administrative record for this operable unit which includes, among other documents, the OU-1 Remedial

Investigation Report, Base-wide Risk Assessment, and OU-1 Feasibility Study Report. The USAF, US
Environmental Protection Agency (USEPA) and the State of Arizona concur on the selected remedy.

2.3 ASSESSMENT OF THE SITE

Actual or threatened releases of hazardous substances in the soils at PSCs RW-02, LF-03, FT-07E,
DP-13, LF-14, LF-25, SD-38 and SS-42, if not addressed by implementing the response action, may present
an imminent and substantial endangerment to public health, welfare, or the environment.

The soils at the remaining 17 PSCs included in the OU-1 investigation and the air, surface water, and
groundwater resources of Luke AFB do not pose an imminent and substantial endangerment to public health,
welfare, or the environment.



FINALOU-1ROD
Luke AFB, Arizona

20 January 1999
Page 2-2

2.4 DESCRIPTION OF THE REMEDY

The remedial alternatives selected for implementation at the eight OU-1 PSCs were developed to
address the conditions that exist at each of the sites. The following section provides a brief summary of the

remedial alternatives selected for OU-1. Detailed descriptions of the selected remedial alternatives are

provided on a site-by-site basis in Section 3.10 of this ROD.

PSC RW-02

Remedial Alternative S-2, Institutional Controls, was selected for implementation at PSC RW-02. The
remedial components which will be implemented at PSC RW-02 are listed below.

• A Voluntary Environmental Mitigation Use Restriction (VEMUR) will be executed
and recorded to restrict land usage of the site to non-residential purposes.

• The Base General Plan (BGP) will also be modified to place constraints on future
residential development of the site.

• A geophysical monitoring program will be designed and implemented to ensure the
safety of potential receptors and to provide a warning mechanism in case subsurface
conditions change.

• Perimeter fencing will be installed to provide a barrier preventing direct exposure and
to prevent inadvertent disturbance of the area.

• An Institutional Control Plan (ICP) will be developed and maintained to document
the required institutional controls at PSC RW-02. The ICP will also provide
guidance to key personnel who are responsible for the implementation of this remedy.

PSC LF-03

Remedial Alternative S-2, Institutional Controls, was selected for implementation at PSC LF-03
The remedial components which will be implemented at PSC LF-03 are listed below.

• A VEMUR will be executed and recorded to restrict land usage of the site to non-
residential purposes.

• The BGP will also be modified to place constraints on future residential development
of the site.

• An ICP will be developed and maintained to document the required institutional
controls at PSC LF-03 The ICP will also provide guidance to key personnel who are
responsible for the implementation of this remedy.
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PSC FT-Q7E

Remedial Alternative S-2, Institutional Controls, was selected for implementation at PSC FT-07E.

The remedial components which will be implemented at PSC FT-07E are listed below.

• A VEMUR will be executed and recorded to restrict land usage of the site to non-
residential purposes.

• The BGP will also be modified to place constraints on future residential development
of the site.

• An ICP will be developed and maintained to document the required institutional
controls at PSC FT-07E. The ICP will also provide guidance to key personnel who
are responsible for the implementation of this remedy.

PSC DP-13

Remedial Alternative S-2, Institutional Controls, was selected for implementation at PSC DP-13. The
remedial components which will be implemented at PSC DP-13 are listed below.

• A VEMUR will be executed and recorded to restrict land usage of the site to non-
residential purposes.

• The BGP will also be modified to place constraints on future residential development
of the site.

• Work practices will be regulated by requiring the use of Personal Protective
Equipment (PPE) while excavating at the site. These constraints will added to the
BGP and implemented through the digging permit process.

• An ICP will be developed and maintained to document the required institutional
controls at PSC DP-13. The ICP will also provide guidance to key personnel who
are responsible for the implementation of this remedy.

PSC LF-14

Remedial Alternative S-2, Institutional Controls, was selected for implementation at PSC LF-14. The
remedial components which will be implemented at PSC LF-14 are listed below.

• A VEMUR will be executed and recorded to restrict land usage of the site to non-
residential purposes.
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The BGP will also be modified to place constraints on future residential development
of the site.
An ICP will be developed and maintained to document the required institutional
controls at PSC LF-14. The ICP will also provide guidance to key personnel who are
responsible for the implementation of this remedy.

PSC LF-25

Remedial Alternative S-4, Institutional Controls and Ex-Situ Physical Treatment/Metals Recovery,
was selected for implementation at PSC LF-25. The remedial components are listed below.

• The area of impacted soils containing constituents of concern (COCs) in excess of
evaluation criteria will be further delineated and identified.

• The surficial soil (0 to 2 feet bgs) which contains COCs at concentrations in excess
of Arizona soil remediation standards will be scraped and removed.

• Metal shot will be separated from the excavated material soil using mechanical
sifting methods and gravimetric separation.

• Recovered metal shot will be recycled or disposed, depending on volume and value,
at an off-site facility.

• Soil material will be returned to the scraped surface area, following compliance
sampling to ensure soil quality.

• Because the skeet shooting range will remain open and will continue to impact the
site, a VEMUR will be executed and recorded to restrict land usage of the site to non-
residential purposes.

• The Base General Plan will be modified to place constraints on future residential
development of the site.

• Work practices will be regulated by requiring the use of PPE while excavating at the
impacted area of the site. These constraints will added to the BGP and implemented
through the digging permit process.

• An Institutional Control Plan will be developed and maintained to document the
required institutional controls at PSC LF-25 The ICP will also provide guidance to
key personnel who are responsible for the implementation of this remedy.

PSC SD-38

Remedial Alternative S-2, Institutional Controls, was selected for implementation at PSC SD-38. The

remedial components which will be implemented at PSC SD-38 are listed below.
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A VEMUR will be executed and recorded to restrict land usage of the site to non-
residential purposes.
The BGP will also be modified to place constraints on future residential development
of the site.

An ICP will be developed and maintained to document the required institutional
controls at PSC SD-38 The ICP will also provide guidance to key personnel who are
responsible for the implementation of this remedy.

PSC SS-42

Remedial Alternative S-l 1, Soil Vapor Extraction, was selected for implementation at PSC SS-42.
Remedial components which will be implemented at PSC SS-42 are listed below.

• Install Soil Vapor Extraction (SVE) System.
• Monitor soil and groundwater to confirm effectiveness and potential migration of the

COCs.
2.5 DECLARATION

The selected remedies are protective of human health and the environment, comply with applicable,
relevant, and appropriate requirements (ARARs), and are cost effective. The remedies utilize permanent
solutions and alternative treatment technologies to the maximum extent possible. The remedies selected for
PSCs RW-02, LF-03, FT-07E, DP-13, LF-14, and SD-38 consist of institutional and engineering controls that
do not satisfy statutory preferences for remedies that employ treatment to reduce the toxicity, mobility, or

volume. However, the selected remedies are permanent measures that manage the hazards to potential future
at-risk receptors. The remedies selected for PSCs LF-25 and SS-42 do satisfy the statutory preference for

remedies that employ treatment to reduce the toxicity, mobility, or volume as a principal element. Because

the institutional controls at six PSCs will result in constituents of concern remaining on-site above health-based
levels in limited areas, a review will be conducted within five years after commencement of remedial action

to ensure that the remedy continues to provide adequate protection of human health and the environment.

Based on the results of the OU-1 Remedial Investigation and Base-wide risk assessment, the soils at
the remaining 17 OU-1 PSCs and the air, surface water, and groundwater resources of Luke AFB do not pose
significant threats to human health and the environment and do not required the selection of a remedial
alternative. Furthermore, because no engineering or institutional controls are required to prevent unacceptable

exposures at these 17 PSCs, a five-year review is not required for any of the PSCs requiring no action.
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This decision document, the Record of Decision, presents the selected remedial action plan for
Operable Unit No. 1 of Luke Air Force Base, Arizona. This document was developed in accordance with the
rules and regulations of the Comprehensive Environmental Response, Compensation, and Liability Act of
1980, as amended by the 1986 Superfund Amendments and Reauthorization Act, and to the extent practicable,
the National Contingency Plan. This decision document is based on information in the administrative record
for this operable unit.

The U.S. Air Force, U.S. Environmental Protection Agency, and the State of Arizona concur on the
selected remedy.

This decision document may be executed and delivered in any number of counterparts, each of which
when executed and delivered shall be deemed to be an original, but such counterparts shall together constitute
one and the same document.

Daniel Opalski, Chief, Federaj*Tacilities Date '
Clean-Up Branch,
US Environmental Protection Agency, Region IX
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This decision document, the Record of Decision, presents the selected remedial action plan for

Operable Unit No. 1 of Luke Air Force Base, Arizona. This document was developed in accordance with the

rules and regulations of the Comprehensive Environmental Response, Compensation, and Liability Act of

1980, as amended by the 1986 Superfund Amendments and Reauthorization Act, and to the extent practicable,
the National Contingency Plan. This decision document is based on information in the administrative record

for this operable unit.

The U.S. Air Force, U.S. Environmental Protection Agency, and the State of Arizona concur on the
selected remedy.

This decision document may be executed and delivered in any number of counterparts, each of which
when executed and delivered shall be deemed to be an original, but such counterparts shall together constitute

one and the same document.

Jacqueline $c)iafer, Director Date
Arizona Department of Environmental Quality
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This decision document, the Record of Decision, presents the selected remedial action plan for

Operable Unit No. 1 of Luke Air Force Base, Arizona. This document was developed in accordance with the
rules and regulations of the Comprehensive Environmental Response, Compensation, and Liability Act of

1980, as amended by the 1986 Superfund Amendments .and Reauthorization Act, and to the extent practicable,
the National Contingency Plan. This decision document is based on information in the administrative record
for this operable unit.

The U.S. Air Force, U.S. Environmental Protection Agency, and the State of Arizona concur on the

selected remedy.

This decision document may be executed and delivered in any number of counterparts, each of which
when executed and delivered shall be deemed to be an original, but such counterparts shall together constitute
one and the same document.

A
Brigadier Gei
United States
Commander,,

eral Jo tinL.
Air Force
56th Fighter

Luke Air Force Base, Arizo

SEP 91999

Date
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This decision document, the Record of Decision, presents the selected remedial action plan for
Operable Unit No. 1 of Luke Air Force Base, Arizona. This document was developed in accordance with the
rules and regulations of the Comprehensive Environmental Response, Compensation, and Liability Act of

1980, as amended by the 1986 Superfund Amendments^nd Reauthorization Act, and to the extent practicable,
the National Contingency Plan. This decision document is based on information in the administrative record

for this operable unit.

The U.S. Air Force, U.S. Environmental Protection Agency, and the State of Arizona concur on the
selected remedy.

This decision document may be executed and delivered in any niimber of counterparts, each of which
when executed and delivered shall be deemed to be an original, but such counterparts shall together constitute
one and the same document.

r- huM^r^
Ms. Rita P. Pearson, Director 'Date
Arizona Department of Water Resources
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3.0 DECISION SUMMARY

This section provides a summary of the information used to develop the remedial action plan for OU-1.

Background information on Luke AFB is first presented, followed by an overview of the environmental

investigations conducted as part of the Superfund process. Community involvement activities are also

highlighted. After this background information, the scope and role of OU-1 are detailed. Specific information

regarding each of the sites is then summarized along with the results of the field investigations and Base-wide
risk assessment. Finally, descriptions of the remedial alternatives that were considered and the rationale for

the selection of specific remedial alternatives are provided. Much of the information presented in this
summary is contained in detail in the OU-1 Remedial Investigation Report (Geraghty & Miller, Inc. 1997a;
AR#188 and 189) and the OU-1 Feasibility Study Report (ARCADIS Geraghty & Miller, Inc. 1998a;

AR#207). The information presented in the Decision Summary provides a basis for the declarations made in

Section 2.0 and the rationale for the selected remedy at each PSC.

3.1 SITE NAME, LOCATION, AND DESCRIPTION

Luke AFB covers approximately 4,000 acres west of the Phoenix metropolitan area in Glendale,
Arizona (Figure 3-1). Construction of the facility began on March 29,1941. Although only a few essential
buildings had been completed, training of the first class of pilots began on June 6, 1941. The facility was
originally designated as Luke Field in honor of Frank Luke Jr., a Phoenix native who gained fame as an ace
"balloon-buster" in World War I.

During World War II, Luke Field was the largest fighter pilot training facility in the Air Corps.
However, with the ending of the war, the number of pilots trained dropped considerably, and the Base was
subsequently deactivated on November 30, 1946. Soon after combat developed in Korea, the reorganized
USAF reactivated Luke Field, and on February 1,1951, the facility was renamed Luke Air Force Base. Luke
AFB currently hosts the 56th Fighter Wing, whose mission is to provide the world's finest F-16 pilots and crew

chiefs for the United States and allied armed forces.

The eastern portion of Luke AFB currently consists of a variety of light industrial facilities, office
buildings occupied by administrative and community services, Base barracks, and outdoor recreation centers.
The central and western portions of Luke AFB include the runways; open space; and aircraft operation,
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training, and maintenance facilities. Base residential housing and commercial areas are located to the east of

Luke AFB across Litchfield Park Road.

The Maricopa Association of Governments (MAG, 1993) describes the area surrounding Luke AFB
as rural. Scattered rural residential housing exist in the immediate vicinity of the Base, and several larger
residential communities have developed at greater distances. Litchfield Park, the nearest residential
development, is located approximately two miles to the southeast. Although the surrounding communities are
experiencing rapid growth and development, residential development around the perimeter of Luke AFB is

unlikely due to land use restrictions imposed by local, city, and county governments.

Luke AFB lies in the West Salt River Valley (WSRV), which is located within the Basin and Range

physiographic province. The Basin and Range province consists of narrow, elongated mountain ranges formed
by northwesterly trending fault blocks. The WSRV is surrounded by the White Tank Mountains located

approximately seven miles to the west; the Sierra Estrella Mountains located approximately seven miles to the
south; and the Hieroglyphic Mountains located approximately 15 miles to the north. Elevations at Luke AFB
range from 1,110 feet above mean sea level (amsl) at the northwestern comer, to 1080 feet amsl at the
southeast corner. The basin slopes downward from northwest to southeast, with an average gradient of 25 feet
per mile. Exceptions to the uniform slope occur at low hills, which rise approximately 70 feet above the
surrounding areas, to the southeast of the Base.

Water-bearing geologic formations in the WSRV include the upper, middle, and lower alluvial units.
Dramatic groundwater level declines have occurred in the area surrounding Luke AFB over the past 50 years
due to excessive groundwater pumping for agricultural purposes. Interpolation of data from the regional study
of Brown and Pool (Brown and Pool, 1989) and data collected in preparation of Hydrogeological Survey
Report (Geraghty & Miller, 1992i) indicates that the upper unit has been completely de-watered in the Luke
AFB area, except for localized areas along the Agua Fria River, near the Luke AFB wastewater treatment plant

(WWTP). Partial de-watering of the middle unit has also occurred in the Luke AFB area. The upper most

aquifer is now the middle unit.

Surface streams and rivers near Luke AFB include the Agua Fria, Salt, and Gila Rivers. These surface

water features are dry most of the year and typically convey water only during and immediately following
storms. The major streams and rivers in the Luke AFB vicinity begin in the upland, mountainous regions of
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the Central Highlands or the Colorado Plateau and flow to the south and west to the Colorado River,
discharging to the Gulf of California. The Agua Fria River, located approximately two miles east of Luke
AFB, is dammed upstream within the Hieroglyphic Mountains. This dam and reservoir allow the water
resources of the Agua Fria River to be used for irrigation on a constant basis and also aid in flood control. The

Salt and Gila Rivers are also dammed for irrigation and flood control.

3.2 SITE HISTORY AND ENFORCEMENT ACTIVITIES

Aircraft maintenance and light industrial operations in support of the training mission have been in
existence at Luke AFB since its inception in 1941. These activities generated potentially hazardous wastes
such as petroleum residues, cleaning solvents, and other related materials. Prior to 1972, these wastes were
disposed on Base through fire department training exercises, road oiling for dust suppression, and disposal in

shallow trenches. Currently, Luke AFB has a proactive pollution prevention program which safely manages
the storage, transportation, and disposal of all hazardous and solid wastes. Potentially hazardous wastes have
not been disposed at the Base since 1972.

The Department of Defense (DoD) began comprehensive environmental investigations at Luke AFB
in 1981 as part of the Installation Restoration Program (IRP). The IRP was developed to investigate past
hazardous material handling and disposal practices at military installations. The IRP of Luke AFB progressed
through its second of four phases prior to the passage of the Superfund Amendments and Reauthorization Act
of 1986 (SARA).

Before the passage of SARA, the USEPA did not supervise the DoD's IRP program. However, the
1986 SARA amendments to the Comprehensive Environmental Response, Compensation and Liability Act
of 1980 gave the USEPA authority to provide supervision and regulatory approval of environmental
investigations at all federal facilities, including DoD installations. One of the key provisions of SARA was
the requirement that the USEPA establish and maintain a docket of potentially contaminated federal facilities,
perform Hazard Ranking System (HRS) scoring on these facilities, and list those facilities exceeding the HRS
threshold score on the National Priorities List (NPL).

The USEPA's initial involvement at Luke AFB began in August 1987 when their auditors inspected
the Base and scored it using the HRS. Because the Luke AFB score of 37.93 exceeded the threshold value
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of 28.5, the USEPA added Luke AFB to the NPL. Listing on the NPL meant that further environmental

investigations were to be performed following a strict set of federal regulations, and that the USEPA and
appropriate state agencies were to provide regulatory review and oversight.

The regulations governing the implementation of environmental investigations at NPL sites are

established in the National Oil and Hazardous Substances Pollution Contingency Plan (NCP) which is found

in Title 40, Part 300 of the Code of Federal Regulations (CFR). The NCP consists of a multi-phased approach.
The eight main steps outlined in the NCP consist of a Preliminary Assessment; Remedial Investigation (RI);

Feasibility Study (FS); Proposed Plan; Record of Decision (ROD); Remedial Design (RD); Remedial Action
(RA); and Site Close-Out. A flow chart illustrating the main phases of environmental investigations at NPL
sites is provided as Figure 3-2.

On September 27, 1990, the USEPA, Arizona Department of Environmental Quality (ADEQ),

Arizona Department of Water Resources (ADWR), and USAF signed a Federal Facilities Agreement (FFA)
to establish the procedural framework for conducting the required environmental investigations at Luke AFB.

The signing of the FFA marked the official beginning of the NPL (or "Superfund") investigation of the Base.

Because the USAF had already conducted several initial environmental investigations at Luke AFB
during the IRP, the regulatory agencies considered the preliminary assessment phase of the Superfund process
complete at the time of the signing of the FFA. Based on the results of the IRP and other information compiled

during the initial planning stages, the FFA parties identified 33 potential sources of contamination (PSCs) for
further study.

To aid in the management of the investigation, the FFA parties divided the sites into two operable
units, OU-1 and OU-2. OU-1 included the investigation of the soils at 25 PSCs and the Base-wide
investigation of air, surface water, and groundwater resources. OU-2 included the investigation of soils at eight

sites at which only petroleum-related wastes were disposed. The FFA created this special grouping to put the

eight OU-2 sites on a "fast track;" the idea being that grouping sites with common wastes would allow for a

timely investigation and cleanup.

As planned, the investigation of the soils at the eight OU-2 sites progressed on an accelerated schedule.
From December 1991 through June 1992, field scientists collected soil samples at each of the OU-2 sites. The
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OU-2 RI Report (Geraghty & Miller, Inc., 1992; AR# 68 through 74) documented the methodology and results

of the investigation. The OU-2 FS report (Geraghty & Miller, Inc., 1993b; AR#107) evaluated a number of
potential remedial alternatives and provided recommendations for each site. As required in the NCP, Luke
AFB presented these recommendations to the public for review and comment in the Proposed Plan for OU-2
(Geraghty & Miller, Inc., 1993c; AR# 98). Following the incorporation of public comment, the FFA parties
adopted the proposed alternatives by signing the OU-2 ROD in January 1994 (Geraghty & Miller, Inc., 1994;
AR #134). From January 1994 through August 1997, the OU-2 investigation progressed through its RD/RA
phases, and close-out of the last OU-2 site occurred in 1998.

Because the OU-1 investigation involved more sites and also included the Base-wide evaluation of
air, surface water, and groundwater resources, the OU-1 investigation required a longer period of data
collection and monitoring. Fieldwork for the OU-1 RI took place in three phases from October 1991 to
September 1996. As part of the OU-1 RI, a Base-wide risk assessment was conducted to evaluate the potential
risks to human health and the environment that could result from exposure to the air, soil, surface water, and
groundwater at Luke AFB.

The Results of the OU-1 RI and Base-wide risk assessment indicated that the air, surface water, and
groundwater resources of Luke AFB do not represent conditions that would pose an imminent and substantial
endangerment to public health, welfare, or the environment. However, the soils at eight of the OU-1 PSCs
were found to have conditions that could either cause unacceptable human health risks under certain types of
land use scenarios or could impact the underlying groundwater. Remedial alternatives were developed for the
soils at those eight sites. A remedy selection process was not required for the soils at the remaining 17 PSCs
or for the air, surface water, and groundwater resources of the Base.

Remedial alternatives were developed for the soils at the eight sites as part of the OU-1 Feasibility
Study (FS). The OU-1 FS report (ARCADIS Geraghty & Miller, Inc. 1998b; AR# 207) provided
recommendations for the most appropriate alternative based on the nine selection criteria. As required under
Superfund, the recommendations were presented to the public and regulatory agencies for review and comment
as the OU-1 Proposed Plan (ARCADIS Geraghty & Miller, Inc., 1998c; AR# 208).
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3 J HIGHLIGHTS OF COMMUNITY PARTICIPATION

The USAF actively encouraged public participation throughout every phase of the Superfund
investigation of Luke AFB. CERCLA Section 113(kX2XBXI-v) establishes a number of public participation
activities that must be conducted as part of the Superfund decision making process. These requirements are

further defined under the NCP, 40 CFR 300. In compliance with these regulations, Luke AFB developed
guidance documents to ensure the required public involvement activities were planned and implemented.
These documents included: the Final Base-wide Community Relations Plan, Luke Air Force Base, Arizona

(Geraghty & Miller, 1991e; AR #85) and Community Relations Plan, Luke Air Force Base, (ARCADIS
Geraghty & Miller, 1998c; AR #209). This section of the ROD briefly summarizes the public participation
activities that were conducted as part of the Superfund process.

3.3.1 Public Participation

Since 1991, when remedial investigations began under Superfund at Luke AFB, community relations
activities have been conducted to inform the public about the site investigations and provide the opportunity
for public input. The following sections describe some of the community relations activities conducted at Luke
AFB from 1991 through April 1998, when the Proposed Plan was submitted for public comment.

3.3.1.1 Committee Advisory Boards

As part of the public participation effort, Luke AFB created a Technical Review Committee (TRC)
in 1992. The TRC was made up of selected community members, Base personnel, and representatives from
the USEPA and ADEQ. The Civil Engineering Squadron Commander, who invited the members to sit on the
committee, also chaired the TRC. The TRC met quarterly, and the members were provided with briefings on
the status of the project.

As part of a joint effort between the USEPA and the DoD to increase the level of public involvement,
the TRC was disbanded in 1995, and a Restoration Advisory Board (RAB) was formed. Unlike the TRC that
included only a few selected community members and just heard reports on the project's progress, RAB
meetings are open to the public and their members decide upon the meeting agenda. RAB membership is
almost exclusively from the neighboring communities and a community member is elected to co-chair the
meetings.
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RAB members are given the opportunity to review technical project reports and are responsible for

reviewing the project's progress, investigation results, and work plans. RAB members are also encouraged
to give advice to the USAF and the regulatory agencies on a variety of issues, such as how to prioritize cleanup
efforts and how to address potential community concerns. To that end, the RAB has established a budget
subcommittee to help prioritize the project's funding allocations and a Public Outreach Subcommittee to
recommend additional public involvement strategies.

3 J.I.2 Administrative Record

Since the beginning of the Superfund Investigation, the USAF has established and maintained an
administrative record (AR) to organize all of the documentation related to the decisions made during
Superfund investigation. Copies of the AR files have been placed in information repositories that are available
for public review. The USAF, USEPA, and ADEQ encourage public review of these documents in order to

gain a more comprehensive understanding of the site and Superfund activities that have been conducted. The
locations of these repositories are provided in Appendix A.

3.3.1.3 Newsletters

Environmental Restoration Update newsletters were periodically created and distributed to provide
background on the history, current status, and future activities related to the Superfund investigation of Luke
AFB. These newsletters have been distributed to a mailing list of approximately 1,000. Copies of the past
newsletters are available in the AR and information repository.

3.3.1.4 Community Interviews

Community leaders, both on and off the Base, were interviewed in early 1998. The objective was to
gauge public interest in the environmental cleanup efforts at Luke AFB, determine what types of concerns

exist, and identify additional opportunities for public involvement. Overall, the public perception of Luke

AFB is a positive one. The community members who participated in the interviews expressed a low level of

concern about the environmental issues at the Base. Key concerns identified during the interviews include
aircraft safety, building restrictions placed on neighboring lands, aircraft noise, adequate water supplies and
water quality, possible AFB closures, and encroachment by developers.
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3.3.1.5 RAB Public Presentations

RAB members participated in a series of speaker training sessions that provided information and
materials that they could use in their presentations to other interested community groups. Information
regarding the history, current status, and future activities related to the Superfund investigation at Luke AFB

were prepared in a variety of forms. Slide show, overhead, and video presentations were developed and made
available to the RAB members for use in their presentations to various community groups.

3.3.1.6 Luke Day

Luke AFB opens to the public one day each year during "Luke Day". On April 4, 1998, Luke Day
included an air show demonstration by the Thunderbirds. The RAB established a booth and participated

throughout Luke Day, presenting information related to the Superfund investigation. The RAB also made

comment cards available to the public and received comments during the day.

3.3.2 Public Comment Period

Based on the requirements of CERCLA, as amended, Sections 113(kX2)(B)(I-v) and the NCP, 40 CFR

Part 300(430), there are numerous requirements for community involvement to support the selection of a
remedy. The requirements include the development of a community relations program that at a minimum will
provide: 1) notice to potentially affected persons and the public of the availability of the Proposed Plan; 2)
reasonable opportunity to comment of not less than 30 days on the Proposed Plan and supporting information,
including the RI and FS; 3) opportunity of public hearing on the Proposed Plan and supporting information;

4) written summary of and response to each significant comment submitted on the Proposed Plan; and 5)
statement of the basis and purpose of the selected action. The following sections describe the community
participation efforts undertaken by Luke AFB pertaining to the first three items listed above. The fourth and
fifth items are addressed in Section 4 of this ROD.

3.3.2.1 Notice of Availability of the Proposed Plan

Superfund law requires that a notice of availability and a brief analysis of the proposed plan be
published in a major local newspaper of general circulation. This notice must include a brief summary of the
contents of the plan and announce the beginning of the 30-day public comment period. The OU-1 Proposed
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Plan was completed in April 1998, and the notice of availability of the OU-1 Proposed Plan was published in
the west Phoenix community section of The Arizona Republic, The Glendale Star, and The Tally Ho

newspapers at that time.

3.3.2.2 Availability of the Proposed Plan and Supporting Material in Administrative Record

The Proposed Plan for OU-1 and all supporting material were added to the AR and included in the
information repository at each of the libraries identified in Appendix A.

3 J.23 30-day Comment Period

A formal 30-day comment period was established in conjunction with the release of the OU-1
Proposed Plan. This comment period provided the public with the opportunity to provide written and oral
comments on the proposed remedial alternatives. The comment period began on April 21, 1998 and closed
on May 21, 1998.

3J.2.4 Public Meetings

Superfund regulations require that at least one public meeting be coordinated to allow for comments
on the Proposed Plan and the recommended remedial alternatives. Luke AFB hosted six meetings based on
input provided from community interviews and the RAB public outreach committee. The six meetings were

held during the 30-day public comment period in communities near Luke AFB including: City of Peoria, Sun
City, Goodyear, City of Surprise, Sun City West, and the City of Glendale. Each meeting was held at a

different location, and various times throughout the day to increase the level of public involvement. The
meeting places, dates, and times were included on the notice of availability described above. Additionally,
a court reporter was available at the City of Glendale Public Meeting, and a transcript of this meeting was
maintained and made available to the public in the administrative record. A schedule of the exact locations,
dates, and times of the public meetings can be found in the OU-1 Proposed Plan.

3.4 SCOPE AND ROLE OF THE RESPONSE ACTION

As detailed in the Section 3.2, OU-1 is the last of two operable units to be addressed at Luke AFB and

is the focus of this ROD. OU-1 was defined to govern the investigation and potential remediation of air,
surface water, and groundwater resources Base wide. In addition, the soils at 25 PSCs that were believed to
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have been impacted by mainly non-petroleum related wastes were included in OU-1. The 25 PSCs included
in OU-1 are listed below and their locations are shown on Figure 3-3.

Old Incinerator Site (PSC OT-01).
• Wastewater Treatment Annex Landfill (PSC RW-02).

Outboard Runway Landfill (PSC LF-03).
• Eastern Portion of North Fire Training Area (PSC FT-07E).

F-15 Burial Site (PSC OT-08).
Canberra Burial Site (PSC OT-09).

• Concrete Rubble Burial Site (PSC OT-10).
• Former Outside Transformer Storage (PSC SS-11).
• Old Explosive Ordnance Division (EOD) Burial Site (PSC OT-12).
• Drainage Ditch Disposal Area (PSC DP-13).

Old Salvage Yard Burial Site (PSC LF-14).
Facility 328 Spill Site (PSC SS-15).

• Facility 321 Underground Storage Tank (UST) (PSC SS-16).
• Former Defense Property Disposal Office (DPDO) Yard (PSC SS-17).

Base Exchange (BX) Leaking USTs (PSC ST-19).
• Oil/Water Separator Canal and Earth Fissures (PSC SD-20).
• Sewage Treatment Plant Effluent Canal (PSC SD-21).
• Base Ammunition Storage Area (PSC DP-24).

Northwest Landfill (PSC LF-25).
• Hush House Canal (PSC SD-26).

Northeast Landfill (PSC LF-37).
• Southwest Oil/Water Separator at the Auto Hobby Shop (SD-38).
• Waste Discharge at the Old Lockheed Site (SD-39).
• Skeet Range (OT-41).
• Bulk Fuels Storage (SS-42).

Prior to the beginning of the OU-1 RI field activities, the FFA parties determined that "no further
remedial investigations" were needed at eight OU-1 PSCs. Although this agreement was made prior to the
beginning of OU-1 field activities, a formal consensus statement documenting the decision was not drafted and

signed by all of the FFA parties until August of 1993. A copy of the consensus statement is provided in
Appendix B. The eight "no further action" OU-1 PSCs are listed below.

Old Incinerator Site (PSC OT-01).
F-15 Burial Site (PSC OT-08).
Canberra Burial Site (PSC OT-09).
Concrete Rubble Burial Site (PSC OT-10).
Facility 328 Spill Site (PSC SS-15).
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Facility 321 UST Storage (PSC SS-16).
BX Leaking UST (PSC ST-19).

• Base Ammo Storage Area (PSC DP-24).

The FFA parties reclassified PSCs OT-01, OT-08, and OT-09 as "no further action" sites because data
obtained during an extensive review of Base records showed that hazardous materials or wastes were never
handled or disposed at these areas. PSC DP-24 was removed from the Superfund process because it had
mistakenly been included on the list of potentially contaminated sites. PSCs SS-15, SS-16, and ST-19 were
removed from the Superfund process and placed under the jurisdiction of the ADEQ UST section. The FFA
parties elected to eliminate PSC OT-10 from the list of sites requiring field investigations because that site lies
completely within the boundaries of PSC DP-13 and the landfill contents of both sites were presumed similar.

Both sites were to be investigated as a single unit which was to be referred to as PSC DP-13.

Beginning in October 1991, field investigations were conducted to evaluate the air, surface water and
groundwater resources of the Base and the soils at the remaining 17 OU-1 PSCs. Because of its complexity,
the OU-1 RI field investigation was divided into three phases. The Phase I investigation was conducted from
October 1991 through March 1992. Phase II activities were conducted from June 1992 through April 1994.

Phase III activities were completed in August and September 1996. Phase III activities were required to collect
additional data for risk assessment purposes because the quality of some of the Phase I and Phase II laboratory
data were brought into question.

Analytical Technologies, Inc. (ATI) in Phoenix, Arizona analyzed a majority of the soil and
groundwater samples collected during the OU-1 Phase I and II investigations. In response to concerns raised
by a disgruntled ex-employee, the Arizona Department of Health Services (ADHS), ADEQ, United States
Army Corps of Engineers (USAGE), USAF, and USEPA conducted an extensive investigation of the ATI
Phoenix facility. Throughout 1994 and 1995, the ADHS performed two laboratory audits while the USEPA

conducted raw data tape audits of the Luke AFB data. The ADEQ and USAGE performed their own
investigations and interviewed numerous ATI employees and ex-employees.

Based on the results of the investigation, the FFA parties determined that the volatile (VOC) and semi-

volatile (BNA) data produced by ATI's Phoenix laboratory were unable to meet all data quality requirements

for the project, and thus, that data could not be used in a quantitative risk assessment. All VOC and BNA data
analyzed by the ATI Phoenix laboratory were qualified with a "UQ." UQ denotes data of unknown quality



FINAL OU-1 ROD
Luke AFB, Arizona

20 January 1999
Page 3-12

as determined by the USEPA. There were no problems noted with the fuels data or inorganic (metals) data

produced by the ATI Phoenix laboratory. The FFA parties agreed that all fuels and inorganic data collected
over the course of the project were acceptable for use in the risk assessment.

The FFA parties met on April 3 and 4, 1996 to determine the most appropriate means of response to
the data gaps created by the ATI data quality problem. Because the conclusions of the risk assessment are a

primary element for determining appropriate remedial alternatives for a site, the FFA parties determined that
additional sampling had to be performed so that a sufficient amount of supplemental data could be collected.
The amount of data needed was dependant on site-specific requirements of the quantitative risk assessment.

The methods and rationales used to design and conduct the additional investigations were detailed in

the Final Sampling and Analysis Plan for the Additional Sampling Investigations in Support of the Luke AFB
CERCLA Investigation, Luke AFB, Arizona (Geraghty & Miller, 1996a). Descriptions of the rationale for

collecting additional samples, the sampling locations, and sampling depths are included on a site-by-site basis
within this report. The samples collected during the Phase III sampling event were analyzed by Quanterra
Environmental Services laboratory in Arvada, Colorado.

Following the collection of the supplemental Phase III data, a Base-wide risk assessment was
conducted to evaluate the risks to human health and the environment that could potentially result from

exposure to the various media (i.e. soil, air, surface water, and groundwater). Again, it is important to note

that the volatile and semi-volatile data analyzed by the ATI Phoenix laboratory were not used in the Base-Wide
Risk Assessment.

Based on the results of the OU-1 RI field investigation and Base-wide risk assessment, a determination
was made as to whether the sites were acceptable for unrestricted land use in their current conditions.
Unrestricted land use implies that a site can be developed and used for any purpose, including residential
development. If a site was not deemed suitable for unrestricted land use, remedial (clean up) alternatives were
developed for that site.

Remedial alternatives were also developed for any site that could potentially impact the underlying
groundwater resources in the future. The decision-making process used to determine which sites required no
further action or the selection of a remedy is illustrated in Figure 3-4.
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Results of the OU-1 RI and Base-wide risk assessment showed that the air, surface water and
groundwater resources of Luke AFB did not pose threats to human health or the environment. Likewise, the
soils at nine OU-1 PSCs were determined to be acceptable for unrestricted land use in their current conditions.
These nine OU-1 PSCs are listed below.

• Former Outside Transformer Storage (PSC SS-11).
Old EOD Burial Site (PSC OT-12).
Former Defense Property Disposal Office (DPDO) Yard (PSC SS-17).
Oil/Water Separator Canal and Earth Fissures (PSC SD-20).
WWTP Effluent Canal (PSC SD-21).
Hush House Canal (PSC SD-26).
Northeast Landfill (PSC LF-37).

• Waste Discharge at the Old Lockheed Site (SD-39).
Skeet Range Canal (OT-41).

Seven PSCs were determined to represent conditions that were not acceptable for unrestricted land

usage. The soil impact detected at an eighth PSC (SS-42) could potentially leach to the underlying

groundwater resources. Remedial alternatives were developed for the soils of the eight sites in the OU-1 FS.

These sites include:

• Wastewater Treatment Annex Landfill (PSC RW-02).
• Outboard Runway Landfill (PSC LF-03).
• Eastern Portion of North Fire Training Area (PSC FT-07E).
• Drainage Ditch Disposal Area (PSC DP-13).

Old Salvage Yard Burial Site (PSC LF-14).
Northwest Landfill (PSC LF-25).

• Southwest Oil/Water Separator at the Auto Hobby Shop (SD-38).
Bulk Fuels Storage (SS-42).

PSCs LF-03, FT-07E, DP-13, LF-14, and SD-38, contained concentrations of COCs in the soil that
could potentially pose unacceptable health risks if those areas were developed for residential use in the future.
Concentrations of COCs in the soils at PSC LF-25 theoretically pose unacceptable risks to future excavation
workers. PSC SS-42 was included in the FS because of the high potential for COCs detected in the soils to
leach to the groundwater. PSC RW-02 was included in the FS because of the presence of the low-level
radioactive waste disposal area.
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During the OU-1 FS, remedial alternatives were evaluated for the soils at the eight OU-1 PSCs listed
above. The OU-1 FS report (ARCADIS Geraghty & Miller, Inc., 1998b; AR #207) provided
recommendations for the appropriate remedial alternative specific to each site. Recommendations developed
during this FS were summarized in the OU-1 Proposed Plan (ARCADIS Geraghty & Miller, Inc. 1998c; AR
# 208). The OU-1 Proposed Plan was presented to the public and regulatory agencies for review and comment
in April and May of 1998.

This ROD serves to document the remedial action plan selected for the soils at each of the eight OU-1
sites requiring further action. The signing of the OU-1 ROD by the FFA parties will end the RI/FS process

at Luke AFB. Following the signing of the ROD, the remedial action plan will be implemented in the RD/RA
phases. During the RD phase, detailed specifications for the selected remedy will be developed. The design
usually takes four months to complete and will begin after the ROD is signed. During the RA phase, the
selected remedy will be implemented. After the remedial action plan presented in this ROD is completely and
successfully implemented, site close out procedures can begin. The ultimate goal is to de-list Luke AFB from
theNPL.

3.5 SUMMARY OF SITE CHARACTERISTICS

Summaries of the site characteristics for each of the 25 OU-1 PSCs are provided below. The following
summaries provide a general description of each site and an overview of the past hazardous material handling
and disposal practices that occurred in that particular area. Where applicable, the objectives and results of the
field investigations conducted at each of the sites are also presented.

One of the main objectives of the field investigations was to identify the Constituents of Concern
(COCs) and exposure point concentrations (EPCs). Although this information is further described in
conjunction with the Base-wide risk assessment (See Section 3.6), it is important to understand the methods
that were used to identify COCs and EPCs in order to fully understand the information provided in the
following site characterization summaries. To that end, the following introductory information is provided to
explain the procedures used to identify COCs and EPCs.

With the exception of eight "no further action" sites (PSCs OT-01, OT-08, OT-09, OT-10, SS 15, SS-
16, ST-19, and DP-24) soil samples were collected and analyzed at each of the OU-1 PSCs to determine COCs



FINAL OU-1 ROD
Luke AFB, Arizona

20 January 1999
Page 3-15

in soil. As part of the evaluation process, the soil sampling data were first categorized by depth. Depths ranges
consisted of surficial (0 to 2 feet below ground surface [bgs]), combined surface and subsurface (0 to 16 feet
bgs), and deep (>16 feet bgs). These depths ranges correspond to exposure parameters used in the risk
assessment. After sorting the soil data by depth, the data were compared to the USEPA Region IX Preliminary

Remediation Goals (PRGs) for unrestricted land use. Analytes detected at a concentration in excess of the

USEPA PRGs were identified as COCs.

If soil sampling data at a particular site indicated that a potential existed for impacts to the underlying
groundwater, monitoring wells were installed and sampled. Monitoring well sampling results were grouped
by PSC as part of the data evaluation process. After the data were grouped by site, the results were compared
to the USEPA PRGs to identify COCs. If during any of the sampling events an analyte was detected at a
concentration above the USEPA PRGs in any of the monitoring wells at a PSC, that analyte became a COC
for the entire site.

Monitoring well sampling data were used in the evaluation of future risks but not in the evaluation
of current risks because groundwater is not currently being pumped from any of the monitoring wells, and
therefore, there is no current exposure to groundwater from the monitoring wells. It should be noted that not
every PSC has groundwater COCs for future exposure because groundwater monitoring wells were not

warranted for every site.

The only current exposure to groundwater at Luke AFB is through the Base water distribution system.
The Base water distribution system pumps groundwater from a series of specially designed production wells.
None of the production wells are located within PSCs, and none of the monitoring wells currently serve as
production wells. Samples of the groundwater pumped from the production wells were collected, analyzed,
and compared to the USEPA Region IX PRGs to determine COCs for use in the evaluation of risks associated
with current groundwater exposure at Luke AFB.

With the current water distribution system, Base workers, military personnel, Base residents, and other
potential receptors are exposed to the same groundwater regardless of where on Base they would be working,
Therefore, COCs identified for current groundwater exposure are the same for all sites.
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It should be noted that the mere presence of a COC does not necessarily mean that a hazardous
condition exists. This is because the USEPA Region IX PRGs are not cleanup standards, but rather guidance

levels used to determine which chemicals required further evaluation. As an example, several naturally
occurring compounds, such as arsenic and beryllium, were identified as COCs for both soil and groundwater.

However, these compounds were not detected above naturally occurring background levels.

The Base-wide risk assessment provides the evaluation of the significance of the COCs and quantifies
the risks associated with exposure. As part of the risk assessment methodology, exposure point concentrations
(EPCs) were calculated for use in the evaluation. The USEPA defines the EPC as the concentration of a

contaminant occurring at a location of potential contact. In other words, the EPC is the concentration of a
contaminant that one can expect to encounter at a site. EPCs were calculated for groundwater, air, surficial

soils (0 to 2 feet bgs), and combined surface and subsurface soils (0 to 16 feet bgs). Direct exposure and
contact with soil below the depth of 16 feet is unlikely, therefore, deep soils (>16 feet bgs) data were only used
in the vadose zone transport model (see Section 3.6.1.4).

Based on USEPA guidance (USEPA, 1989c), EPCs were calculated for two different types of potential
exposure, average exposure and reasonable maximum exposure (RME). The arithmetic average of the detected
concentrations of COCs were used as the EPC to estimate average exposure conditions at a site. The
statistically derived 95 percent upper confidence limits (UCLs) on the arithmetic average concentrations were
used as EPCs to estimate the risks associated with RME exposure at a site. The RME corresponds to a
duration and frequency of exposure greater than is expected to occur on an average basis. The RME approach

is suggested by the USEPA (USEPA 1989a) to provide a reasonable estimate of the maximum exposure (and
therefore risk) that might occur.

Bullets in the following sections provide a summary of the COCs and associated EPCs calculated for
the various media at each of the sites. Tables 3-1 through 3-46 summarize the occurrence of COCs at each
of the sites. Columns on these tables show the calculated average and UCL values. It is important to note that
only data of known quality are presented in the occurrence tables. Data of unknown quality can not be used
in a quantitative risk assessment and can not be used to determine COCs or EPCs. This information is further
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summarized in conjunction with the Base-wide risk assessment in Section 3.6 of this ROD. Detailed

information on the identification of COCs, calculation of EPCs, and the use of the data can be found in the
Base-wide Risk Assessment, Luke Air Force Base, Arizona, (Geraghty & Miller, Inc., 1997b; AR#191, 192).

3.5.1 PSC OT-01 Old Incinerator Site

PSC OT-01 consists of a former 15-ton per day capacity incinerator located near the north gate (Figure

3-3). The incinerator was the main method of disposal for the Base's general refuse from 1941 until
deactivation of the Base in 1946. The incinerator was also used intermittently from the time of reactivation
of the Base in 1951 until 1953 when it was abandoned because of maintenance problems. The incinerator

facility was demolished in 1972. No known or suspected hazardous wastes were disposed at the site. Prior
to the beginning of the OU-1 field investigation, the FFA parties concluded that no further remedial
investigations were warranted at PSC OT-01. This decision was documented in a consensus statement which
is included as Appendix B. Consistent with this agreement, there were no environmental investigations
performed at this site during the OU-1 RI.

3.5.2 PSC RW-02 Wastewater Treatment Annex Landfill

PSC RW-02 consists of a former 28-acre landfill at the Luke AFB WWTP annex located to the north
of Glendale Avenue, two miles east of the main Base (Figure 3-3). The former landfill is located in the
northwestern portion of the WWTP annex, adjacent to the western bank of the Agua Fria River. The site
served as the Base's main landfill for the disposal of refuse from 1953 until 1970. In 1990, sections of the
landfill along the Agua Fria River were exposed due to erosion by stormwater flows. The USAGE performed

a bank stabilization project to mitigate further erosion.

A small quantity of low-level radioactive electron tubes and dials were buried at the site in 1956. The
radioactive material was believed to have been encased in concrete and was disposed in a pit 12 feet deep with
4 feet of concrete cover and 6 feet of earth cover. The radioactive material burial site is currently located
within the boundaries of the Defense Reutilization Marketing Office (DRMO) storage yard and is designated
by a small concrete marker.
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The objectives of the OU-1 Rl at PSC RW-02 were to define the boundaries of the landfill,
characterize its contents, assess the potential for groundwater impacts, and evaluate the integrity of the concrete

containment structure which contains low-level radioactive waste. The investigations consisted of conducting

geophysical and soil gas surveys to define the landfill boundaries. Ten test pits were excavated and sampled
to characterize the extent and contents of the landfill. Two soil borings were also advanced and sampled near
the radiological waste containment structure to assess its integrity. Fourteen soil borings were advanced and

sampled to evaluate several potential "hot spots" identified during the soil gas survey. Three groundwater
monitoring wells were installed and sampled to assess the potential for impact of the landfill on groundwater.

COCs and EPCs identified for soil and groundwater at PSC RW-02 are summarized in Tables 3-1
through 3-3. The sample locations where COCs were detected are shown on Figure 3-5. The following bullets

summarize the OU-1 RI investigation at PSC RW-02.

• Geophysical logging of the boreholes near the radiological waste containment structure showed
gamma counts within the range of natural soils. Concentrations of radionuclides (alpha, beta,
radium, and uranium) in soil samples collected adjacent to the monument were not significantly
different from background locations, and the results are within the range for natural soils.

• Total Recoverable Petroleum Hydrocarbons (TRPH) were detected in samples collected from five
test pits and eight soil borings. The sample collected from Test Pit TP-2 at 3 feet bgs contained
the highest detected concentration of TRPH (4,100 milligrams per kilogram [mg/Kg]). TRPH
concentrations generally decreased with increasing depth, and the vertical extent of detectable
TRPH was defined as less than 20 feet bgs in all but three soil borings.

• Volatile Organic Compounds (VOCs) were not detected in any of the samples. Base, Neutral, and
Acid extractable semi-volatile compounds (BNAs) were generally detected only in samples that
also contained detectable concentrations of TRPH. The maximum depth at which BNA
compounds were detected was 20 feet bgs in Soil Boring SB-5.

• Six test pit samples and five soil boring samples contained metals concentrations above the
background Upper Threshold Limit (UTLs) and in excess of the range included in the background
data set. With one exception, all samples with elevated metals also contained TRPH.

• Six additional soil borings were advanced at the site in August 1996 in response to concerns of
the quality of the VOC and BNA data produced by the ATI Phoenix laboratory. The six
additional soil borings were located in the northeast corner and central area of the site.

• None of the five additional samples collected from the northeast comer of the site contained
VOCs, and BNA compounds were only detected in one sample (SB-14 surface and sample). This
sample contained 10 BNA compounds at relatively low concentrations with pyrene detected at
the highest concentration (0.14 mg/Kg).
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• At the time of landfilling (1954), the depth to groundwater was approximately 35 feet bgs.
Currently, the depth to groundwater is approximately 205 feet bgs. The apparent groundwater
gradient at the site is to the northwest.

• The vadose zone transport model (see Section 3.6.1.4) indicates that the highest concentration of
modeled constituents that can be expected to leach to the bottom of the vadose zone is TRPH at
1.23 x 10""7 mg/L. This concentration is well below laboratory detection limits.

• Groundwater samples collected from three monitoring wells at this site showed no impact to
groundwater resources. VOCs were not detected in any of the groundwater samples. The only
BNA compound detected was bis-(2-ethylhexyl)phthalate (BEP), a common laboratory
contaminant. All detected metals were within naturally occurring background ranges.

• All data of known quality were compared to the USEPA PRGs to establish COCs for the site. As
described in Section 3.4, VOC and BNA data produced by the ATI Phoenix laboratory were not
used in the COC evaluation because they did not meet stringent data quality standards.

• As shown on Table 3-1, the COCs identified for surficial soils at the site are benzo(a)pyrene,
TRPH, and arsenic. EPC concentrations for average exposure to surface soils are:
benzo(a)pyrene at 0.098 mg/kg; TRPH at 180 mg/kg; and arsenic at 4.0 mg/kg. EPC
concentrations for RME exposure to surface soils are: benzo(a)pyrene at 0.10 mg/kg; TRPH at
330 mg/kg; and arsenic at 5.3 mg/kg.

• As shown on Table 3-2, the COCs for combined surface and subsurface soils are benzo(a)pyrene,
TRPH, arsenic, beryllium, cadmium, copper, and lead. EPC concentrations for average exposure
to combined surface and subsurface soils are: benzo(a)pyrene at 0.10 mg/kg, TRPH at 290
mg/kg, arsenic at 4.9 mg/kg, beryllium at 0.24 mg/kg, cadmium at 2.4 mg/kg, copper at 160
mg/kg, and lead at 56 mg/kg. EPC concentrations for RME exposure to combined surface and
subsurface soils are: benzo(a)pyrene at 0.10 mg/kg, TRPH at 530 mg/kg, arsenic at 6.0 mg/kg,
beryllium at 0.27 mg/kg, cadmium at 5.0 mg/kg, copper at 370 mg/kg, and lead at 91 mg/kg.

• As shown on Table 3-44, the COCs for current groundwater exposure at the site (production well
samples) are bromoform, bromodichloromethane, chloroform, dibromochloromethane, arsenic and
fluoride. EPC concentrations for current average exposure to groundwater are: bromoform at
0.0021 milligrams per liter (mg/L); bromodichloromethane at 0.00054 mg/L; chloroform at
0.00030 mg/L; dibromochloromethane at 0.0013 mg/L; arsenic at 0.0094 mg/L; and fluoride at
1.4 mg/L. EPC concentrations for current RME exposure to groundwater are: bromoform at
0.0033 mg/L; bromodichloromethane at 0.00081 mg/L; chloroform at 0.00038 mg/L;
dibromochloromethane at 0.0021 mg/L, arsenic at 0.012 mg/L; and fluoride at 2.2 mg/L.

• As shown on Table 3-3, COCs for future groundwater exposure are arsenic and lead. EPC
concentrations for future average exposure to groundwater are: arsenic at 0.010 mg/L and lead at
0.0066 mg/L. EPC concentrations for future RME exposure to groundwater are: arsenic at 0.014
mg/L and lead at 0.01 mg/L. These COCs were detected in monitoring wells at the site.

Based on the results of the Base-wide Risk Assessment (see Section 3.6), COCs identified at PSC RW-
02 were not present at concentrations high enough to cause adverse health effects under current land use
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scenarios (military/industrial) or even in the unlikely event the site is converted to residential usage in the
future. Results of the vadose zone transport model (see Section 3.6.1.4) also show that COCs detected in the

soil will not migrate to the underlying groundwater resources. There is currently no indication that

radionuclides are impacting the soils immediately adjacent to the containment structure as evidenced by
geophysical logging and soil sampling results. However, the presence of the low-level radioactive waste
containment structure would by itself limit potential future land usage. As a result, remedial alternatives were
developed for PSC RW-02 in the OU-1 FS.

3.5.3 PSC LF-03 Outboard Runway Landfill

PSC LF-03 consists of a former landfill located on the western side of the Base near the central part

of the outboard runway, south of Taxiway F (Figure 3-3). The site occupies approximately 21 acres, 60

percent of which is currently covered by the outboard runway. A bare low-lying area with sparse vegetation
occupies the remaining 40 percent of the site. The Base reportedly used the site for limited disposal of refuse

from 1951 to 1953. Landfilling operations at this site ceased when the outboard runway was constructed. No

known nor suspected industrial type wastes or hazardous wastes were disposed at this site.

The objectives of the RI at PSC LF-03 were to define the boundaries of the former landfill and to

characterize its content. Geophysical and soil gas surveys were conducted to define the landfill boundaries
and to select locations for test pits. Six test pits were also excavated and sampled to characterize the extent
and contents of the landfill. Two soil borings were advanced and sampled in August 1996 to collect additional
VOC and BNA data for risk assessment purposes.

COCs and EPCs identified for soil at PSC LF-03 are summarized in Tables 3-4 and 3-5. The sample
locations where COCs were detected are shown on Figure 3-6. There were no monitoring wells installed at

PSC LF-03, therefore, there are no COCs for future groundwater exposure at this site. The following bullets

summarize the OU-1 RI investigation at PSC LF-03.

• Geophysical data showed a large anomalous area in the center of the site which extended
underneath the runway. Two other anomalous areas, which were interpreted as possible landfills,
are located in the northern half of PSC LF-03 and along its eastern edge.

• TRPH was detected in two of the 13 test pit samples. The highest TRPH concentration (20
mg/Kg) was detected in Test Pit TP-5 at 7 to 8 feet bgs. This was also the deepest detection of
TRPH.
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• VOCs, BNAs, and cyanide were not detected in any of the test pit samples. Likewise, VOCs and
BNAs were not detected in any of the additional soil boring samples advanced in 1996.

• The highest detected concentrations of arsenic (15.9 mg/Kg), cadmium (7.8 mg/Kg), chromium
(386 mg/Kg), copper (4,700 mg/Kg), and lead (796 mg/Kg) do exceed their background UTLs
and the USEPA PRGs. The highest metals concentrations were detected in the samples collected
from Test Pits TP-4 and TP-5. Landfilled metallic debris were noted in both of these areas.

• The leaching model (see Section 3.6.1.4) indicates the highest concentration of modeled
constituents that can be expected at the bottom of the vadose zone is TRPH at 2.61 x 10'214 mg/L.
This concentration is well below laboratory detection levels. The modeling results demonstrate
that it's highly unlikely that groundwater impacts will occur as a result of leaching of
constituents detected in the soils at PSC LF-03.

• All data of known quality were compared to the USEPA PRGs to establish COCs for the site. As
described in Section 3.4, VOC and BNA data produced by the ATI Phoenix laboratory were not
used in the COC evaluation because they did not meet stringent data quality standards.

• As shown on Table 3-4, COCs for surficial soils include arsenic and beryllium although both were
detected at concentrations below their background UTLs. EPC concentrations for average
exposure to surface soil are arsenic at 3.2 mg/kg and beryllium at 0.48 mg/kg. EPC
concentrations for RME exposure to surface soil are arsenic at 4.8 mg/kg and beryllium at 0.78
mg/kg.

• As shown on Table 3-5, COCs for the combined surface and subsurface soils are arsenic,
beryllium, chromium, copper, and lead. EPC concentrations for average exposure to combined
surface and subsurface soil are arsenic at 4.7 mg/kg; beryllium at 0.33 mg/kg; chromium at 71
mg/kg; copper at 450 mg/kg; and lead at 180 mg/kg. EPC concentrations for RME exposure to
combined surface and subsurface soil are arsenic at 6.9 mg/kg; beryllium at 0.42 mg/kg;
chromium at 140 mg/kg; copper at 1,100 mg/kg; and lead at 340 mg/kg.

• As shown on Table 3-44, the COCs for current groundwater exposure (production well samples)
are bromoform, bromodichloromethane, chloroform, dibromochloromethane, arsenic and fluoride.
EPC concentrations for current average exposure to groundwater are: bromoform at 0.0021 mg/L;
bromodichloromethane at 0.00054 mg/L; chloroform at 0.00030 mg/L; dibromochloromethane
at 0.0013 mg/L, arsenic at 0.0094 mg/L; and fluoride at 1.4 mg/L. EPC concentrations for current
RME exposure to groundwater are: bromoform, at 0.0033 mg/L; bromodichloromethane at
0.00081 mg/L; chloroform at 0.00038 mg/L; dibromochloromethane at 0.0021 mg/L, arsenic at
0.012 mg/L; and fluoride at 2.2 mg/L. There are no COCs for future groundwater exposure
because there are no monitoring wells.

Based on the results of the Base-wide Risk Assessment (see Section 3.6), COCs identified at PSC LF-
03 were not present at concentrations high enough to cause adverse health effects under current land use

scenarios (military/industrial). Likewise, results of the vadose zone transport model (see Section 3.6.1.4) show
that COCs detected in the soil will not migrate to the underlying groundwater resources. However, the
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concentration of chromium detected at the site could theoretically cause adverse health affects in the unlikely

event that PSC LF-03 were developed for residential purposes in the future.

Numerous metallic wastes were unearthed during test pit excavation at the central portion of the site.
Samples of the wastes collected from Test Pit TP-5 at depths of 8 foot bgs and a 7-8 foot bgs contained
chromium at concentrations of 349 and 386 mg/kg, respectively. Because the metallic wastes containing
elevated concentrations of chromium are buried and extend below the outboard runway, direct exposure is not

likely under current land use scenarios. However, long-term exposure to these buried wastes could result if
the runways were removed and the site were developed for residential purposes. For this reason, remedial
alternatives were developed for PSC LF-03 in the OU-1 FS as a highly protective measure.

3.5.4 PSC FT-07E Eastern Portion of North Fire Training Area

PSC FT-07E is located in the northern portion of the Base, west of Fire Department Training Facility
1355 (Figure 3-3). Fire training activities in the eastern portion of PSC FT-07E began in 1973 when the Base

constructed three bermed fire training pits. The two largest training pits were constructed with sprinkler

systems to dispense flammable petroleum, oil, and lubricant (POL) waste onto mock aircraft or similar
structures. According to Base records, the three pits were active from 1973 until 1989. The two largest pits
were designated as Fire Training Pit #3 (FTP-3) and Fire Training Pit #4 (FTP-4). The third pit was identified
as Fire Training Pit #6 (FTP-6).

During the IRP investigation, Roy F. Weston, Inc. (Weston) conducted the initial soil and groundwater
sampling at Fire Training Pits FTP-3 and FTP-4 to verify the presence or absence of contaminants. Four soil

boring were advanced to investigate the soils and three monitoring wells (MW-109, MW-110, and MW-111)
were installed and sampled to assess the potential impact of the fire training activities on groundwater (Roy
F. Weston, 1984; AR #4 and Roy F. Weston, 1988; AR# 45).

Following completion of Weston's activities, the USAF contracted EA Engineering Science and
Technology (EA Engineering) to perform additional soil investigations. The main objectives of EA
Engineering's investigation were to further characterize the soils at the site and to conduct a remedial
preliminary design study for the two largest pits. During the investigation, EA Engineering drilled three

additional borings in each of the three pits (FTP-3, FTP-4, and FTP-6).
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Based on the results of EA Engineering's investigation (EA Engineering, 1992; AR# 12), the USAF

decided to conduct a removal action at Fire Training Pits FTP-3 and FTP-4. An Engineering Evaluation/Cost

Analysis (EE/CA) was prepared in 1991 (Geraghty & Miller, Inc., 1991d; AR# 84), and the work plans to
conduct a treatability study were prepared in 1992 (EA Engineering Science, 1992, AR# 80, Geraghty &
Miller, Inc., 1992h; ARM 81). A pilot study was conducted in January 1992, and based on the results of the
test, a soil vapor extraction (SVE) system was installed in March 1992 by Envirocon, Inc.

The SVE system operated from April 1992 through December 1992. Calculations indicate that over
14,000 pounds of contaminants were removed from the soil and destroyed by a thermal oxidizer off-gas
treatment system while the system was in operations. Constituents removed during the extraction included 3-
butanone, benzene, 4-methyl-3-pentanone, toluene, 3-hexanone, ethyl benzene, xylenes, and the general class
of petroleum hydrocarbons. The final report, Final Report: Removal Action North Fire Training Area Luke
AFB, Arizona (Envirocon, Inc., 1993), contains a complete discussion of the removal action.

The objectives of the OU-1 RI at PSC FT-07E were to evaluate the effectiveness of the removal action
performed by Envirocon in 1992 and to assess groundwater quality. Fourteen soil borings were advanced and
sampled at the two fire training pits where vapor extraction was performed (FTP-3 and FTP-4) to assess
effectiveness of remediation, to further evaluate the vertical extent of any constituents still remaining in the
soils, and to assess the potential for groundwater impacts beneath the site. Two groundwater monitoring wells
(MW-118 and MW-123) were installed at this site during the OU-1 investigation to assess groundwater quality
at the site. These two wells were used to supplement the wells installed by Weston during the IRP.

COCs and EPCs identified for soils at PSC FT-07 during pre- and post-remediation sampling are
summarized in Tables 3-6 through 3-9. COCs and EPCs identified for groundwater monitoring well samples

collected at PSC FT-07 are summarized on Table 3-10. The sample locations where COCs were detected are
shown on Figure 3-7. The following bullets summarize the OU-1 RI investigation at PSC FT-07E.

It should be noted that although the SVE removal action successfully reduced contaminant levels in
deep soils (>16 feet bgs) at the site, several soil samples collected near the ground surface (0 to 16 feet bgs)
during post-remediation sampling contained TRPH and metals at higher concentrations than those detected
in pre-remediation sampling. Although the exact reason for this discrepancy can not be accurately determined,
potential reasons could include: the configuration of the SVE system which was designed to treat the deep
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soils, heterogeneity in the soil matrix, differences in pre- and post-remediation sampling locations, differences
in sampling techniques, and differences in analytical laboratory methods.

• Pre-remediation soil sampling investigations conducted by Weston and EA Engineering identified
relatively high concentrations of petroleum related residues in soil samples collected beneath Fire
Training Pits FTP-3 and FTP-4. In response to the detected impact, the Base conducted a removal
action with a SVE system from April to December 1992.

• Prior to conducting the removal action at Fire Training Pit FTP-3, benzene, toluene, ethylbenzene,
and total xylenes (BTEX) and TRPH were detected at relatively high concentrations to depths of
30 feet bgs. Benzene was detected in only one sample collected from the center of FTP-3 at a
depth of 20 feet bgs. Toluene, ethylbenzene, and xylenes were detected in numerous samples
collected from depths ranging from 3 to 30 feet bgs. Toluene and methylene chloride were also
detected in a soil sample collected at a depth of 120 feet bgs.

• After the removal action at FTP-3, toluene, ethylbenzene, and xylenes were detected in six
samples collected at depths ranging from 4 to 40 feet bgs. TRPH was also detected in samples
collected at depths ranging from the surface (0 feet bgs) to a depth of 100 feet bgs. The highest
TRPH concentration (27,000 mg/kg) was detected in the 8 to 10 feet bgs sample collected from
Soil Boring SB-6. TRPH was detected at 10 mg/kg in the 98 to 100 feet bgs sample collected
from Soil Boring SB-6.

• In August of 1996, two additional soil borings were advanced and sampled at FTP-3. The
additional soil borings were drilled to 150 feet bgs. TRPH was detected at a concentration near
laboratory detection limits (11 mg/kg) in one sample at a depth of 140 feet bgs, but the ISO feet
bgs sample did not contain TRPH. Although VOC compounds (acetone, methylene chloride,
ethylbenzene, and toluene) were detected in several samples, only one sample contained
detections of VOC compounds that weren't qualified as laboratory contaminants. This sample
was collected at a depth of 8 to 10 feet bgs. Based on this data, the vertical extent of VOC and
TRPH impact at Fire Training Pit FTP-3 have been defined to laboratory detection limits to a
depth of 140 feet bgs.

• Prior to conducting the removal action at Fire Training Pit FTP-4, TRPH and BTEX were
detected at relatively high concentrations to depths of 80 feet bgs. Benzene was detected in two
samples collected from the center of FTP-4 at a depths of 43 and 88 feet bgs. Toluene,
ethylbenzene, and xylenes were detected in numerous samples collected from depths ranging from
0 to 80 feet bgs. Methylene chloride was also detected in a soil sample collected at a depth of 120
feet bgs.

• After the removal action was completed at FTP-4, ethylbenzene and xylenes were the only VOCs
detected, and these compounds were only detected at low levels in one surficial sample and its
duplicate. TRPH was detected at the highest level (2,000 mg/kg) in surface at Soil Boring SB-2.
With the exception of one sample collected from Soil Boring SB-2 at a depth of 70 feet bgs (20
mg/kg), TRPH was not detected below 2 feet bgs at Fire Training Pit FTP-4.
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In August of 1996, one additional soil boring was advanced and sampled at Fire Training Pit FTP-
4. The additional soil boring was drilled to 150 feet bgs. TRPH was detected at a concentration
of 460 mg/kg in the surficial sample, but was not detected below the depth of 2 feet bgs. Based
on this data, the vertical extent of VOC and TRPH impact at Fire Training Pit FTP-4 have been
defined to laboratory detection limits to 120 feet bgs.
During the pre-design study, EA Engineering drilled and sampled a 40-foot deep soil boring at
Fire Training Pit FTP-6. Although TRPH and BTEX compounds were not detected in any of the
samples, acetone was detected in the 40 foot bgs sample.
In August of 1996, a 60 foot deep soil boring was advanced and sampled to confirm the acetone
detection. No VOCs, including acetone, were detected in any of the samples collected in August
of 1996. However, TRPH was detected in the surficial sample at a concentration of 1,200 mg/kg.
This was the only sample that contained detectable concentrations of TRPH. The maximum
vertical extent of the impact at Fire Training Pit FTP-6 has been defined to laboratory detection
limits at this location to a depth of 40 feet bgs.

The estimated depth to groundwater at the time of initiation of fire training activities at PSC FT-
07E was approximately 312 feet bgs. Currently, groundwater occurs below the site at
approximately 335 feet bgs. The apparent gradient of the water table is 0.002 foot per feet to the
southwest.
The OU-1 vadose zone transport model (see Section 3.6.1.4) indicates the highest concentration
of modeled constituents that can be expected to leach to the bottom of the vadose zone is
xylenes at 9.84 x 10"M mg/L. This concentration is well below laboratory detection limits.
Modeling results demonstrate that it is highly unlikely there will be groundwater impacts as a
result of existing conditions at PSC FT-07.

Groundwater quality beneath PSC FT-07 was evaluated using analytical results for groundwater
samples collected from Monitoring Wells MW-109, MW-110, MW-111, MW-118, and MW-
123. Although the screened intervals are submerged in Monitoring Wells MW-109, MW-110,
and MW-111, the screened interval in Monitoring Wells MW-118 and MW-123 have not been
submerged.
Chloroform is the only VOC compound that was consistently detected in groundwater samples
collected at the site. Chloroform was detected at concentrations near laboratory detection limits
in samples collected from Monitoring Wells MW-110 and MW-123 prior to the second quarter
of 1995. Chloroform has not been detected in any of the samples collected after this sampling
event. The presence of chloroform in the groundwater samples could indicate that potable water
used in fire training exercises has reached and mixed with groundwater.
Four other VOC compounds (including toluene, DCA, DCBM, and DBCP) have been detected
at random occurrences and at low concentrations near laboratory detection limits throughout the
monitoring period. These VOC compounds have not been detected in any groundwater samples
collected after the first quarter of 1993.
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The only BNA compound ever detected in groundwater samples collected at the site was BEP,
a common laboratory contaminant. BEP was only detected in two samples collected during the
third quarter of 1993. BEP has not been detected prior to or after this sampling event.

All metals concentrations detected in groundwater samples were below their respective
background UTLs with the exception of barium. Only one sample collected from Monitoring
Well MW-118 during the third quarter of 1993 contained elevated barium concentrations The
highest concentration of barium (0.335 mg/L) does exceed its background UTL of 0.27 mg/L.
Per USEPA guidance, the soil data collected by EA Engineering prior to conducting the SVE
removal action were used in the Base-wide risk assessment to evaluate risks associated with
current (Military/Industrial) land use scenarios. These data were used to establish a baseline level
of risk.
As shown on Table 3-6, the only COC for pre-remediation surficial soils at PSC FT-07E is TRPH.
The EPC for average exposure to TRPH in pre-remediation surface soils is 100 mg/kg. The EPC
for RME exposure to TRPH in pre-remediation surface soils is 280 mg/kg.

As shown on Table 3-8, the COCs for pre-remediation combined surface and subsurface soils (0
to 16 feet bgs) are TRPH and arsenic. EPCs for average exposure to pre-remediation combined
surface and subsurface soils are TRPH at 100 mg/kg and arsenic at 1.1 mg/kg. EPCs for RME
exposure to pre-remediation combined surface and subsurface soils are TRPH at 190 mg/kg and
arsenic at 1.2 mg/kg.
As shown on Table 3-10, the only GOC for future (monitoring well) groundwater exposure is
lead. It should be noted that although other VOC compounds (such as toluene, DCA, DCM, and
DBCP) were detected in monitoring well samples, these compounds were not detected at
concentrations above the USEPA PRGs. Therefore, these compounds were not identified as
COCs. The EPC for average exposure to lead in future groundwater is 0.0039 mg/L. The EPC
for RME exposure to lead in future groundwater is 0.0051 mg/L.
As shown on Table 3-44, the COCs for current groundwater exposure at the site (production well
samples) are bromoforrn, bromodichloromethane, chloroform, dibromochloromethane, arsenic and
fluoride. EPC concentrations for current average exposure to groundwater are: bromoforrn at
0.0021 milligrams per liter (mg/L); bromodichloromethane at 0.00054 mg/L; chloroform at
0.00030 mg/L; dibromochloromethane at 0.0013 mg/L, arsenic at 0.0094 mg/L; and fluoride at
1.4 mg/L. EPC concentrations for current RME exposure to groundwater are: bromoforrn at
0.0033 mg/L; bromodichloromethane at 0.00081 mg/L; chloroform at 0.00038 mg/L;
dibromochloromethane at 0.0021 mg/L, arsenic at 0.012 mg/L; and fluoride at 2.2 mg/L.
Per USEPA guidance, the soil data collected following the removal action (April and March of
1993 and August of 1996) were used in the Base-wide risk assessment to evaluate risks associated
with hypothetical residential use of the site.
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• As shown on Table 3-7, the COCs for post remediation surficial soils were TRPH and arsenic.
Post-remediation sampling results were used in the evaluation of risks associated with residential
use of the site. EPCs for average exposure to post-remediation surficial soils are TRPH at 920
mg/kg and arsenic at 5.7 mg/kg. EPCs for RME exposure to post-remediation surficial soils are
TRPH at 1,600 mg/kg and arsenic at 7.9 mg/kg.

• As shown on Table 3-9, the COCs for post remediation combined surficial and subsurface soils
are also TRPH and arsenic. EPCs for average exposure to post-remediation combined surface and
subsurface soils are: TRPH at 3,900 mg/kg and arsenic at 4.1 mg/kg. EPCs for RME exposure
to post-remediation combined surface and subsurface soils are TRPH at 7,500 mg/kg and arsenic
at 5.2 mg/kg.

Based on the results of the Base-wide Risk Assessment (see Section 3.6), COCs identified at PSC FT-
07E were not present at concentrations high enough to cause adverse health effects under current land use
scenarios (military/industrial). Results of the vadose zone transport model (see Section 3.6.1.4) also show that
COCs detected in the soil will not migrate to the underlying groundwater resources. However, the
concentration of TRPH detected at the site during post-remediation sampling could theoretically cause adverse
health affects in the unlikely event that PSC FT-07E were developed for residential purposes in the future.
For this reason, remedial alternatives were developed for PSC FT-07E in the OU-1 FS as a protective measure.

3.5.5 PSC OT-08 F-1S Burial Site

PSC OT-08 is located in the western portion of the Base between the west perimeter road and the
outboard runway, southwest of the Old EOD Burial Pit (Figure 3-3). In 1978, Base personnel buried an F-15
aircraft at this site after it crashed and was destroyed in a fire. The aircraft was reportedly shrouded in plastic
prior to disposal. No known or suspected hazardous wastes were disposed at this site. Prior to the beginning
of the OU-1 field investigation, the FFA parties concluded that no further remedial investigations were
warranted at PSC OT-08. This decision was documented in a consensus statement which is included as
Appendix B. Consistent with this agreement, there were no environmental investigations performed at this

site during the OU-1 RI.

3.5.6 PSC OT-09 Canberra Burial Site

PSC OT-09 is located north of the old perimeter road at the southern runway clear zone (Figure 3-3).
A Canberra aircraft was buried at this site in the early 1950s after it had crashed. No known or suspected
hazardous wastes were disposed at this site. Prior to the beginning of the OU-1 field investigation, the FFA
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parties concluded that no further remedial investigations were warranted at PSC OT-09. This decision was
documented in a consensus statement which is included as Appendix B. Consistent with this agreement, there
were no environmental investigations performed at this site during the OU-1 RI.

3.5.7 PSC OT-10 Concrete Rubble Burial Site

PSC OT-10 is located in the northwest corner of the Base, east of the perimeter road (Figure 3-3). The

site is currently used as a radar station and preparedness training area. Concrete and asphalt rubble from
runway repair and extension operations were accumulated abovegroundat this site beginning in 1951. In
1974, all of the accumulated rubble was disposed in a burial pit. Inspection of aerial photographs shows an
excavated pit at the site prior to 1974. No known or suspected hazardous wastes were disposed at this site.

No previous environmental investigation or sampling was performed at this site prior to the OU-1 RI. Because

PSC OT-10 is located entirely within the boundaries of the Drainage Ditch Disposal Area (PSC DP-13), and
the landfill contents are presumed to be similar, the two sites were investigated as a single unit during the OU-1
RI. A consensus statement (included as Appendix B) was signed to formalize this change in designation.

3.5.8 PSC SS-11 Former Outside Transformer Storage

PSC SS-11 consists of a 0.79-acre site located in the northeastern portion of the Base, northeast of
Facility 328 and west of Building 360 (Figure 3-3). The Base exterior electric shop used the site prior to 1981

for temporary storage of out-of-service electrical transformers, some of which may have contained
polychlorinated biphenyls (PCBs). Approximately 20-percent of the site is covered by bare ground with no
vegetation and the remaining 80-percent with degraded asphalt which has been at the site for the past 40 years.
The transformers were reportedly stored on the bare ground.

No indication was found from interviews or from records search of any PCB spills or leaks from

transformers stored in this area (CH2M HILL, 1982; AR# 3). No previous environmental investigation or

sampling was performed at this site prior to the OU-I RI. During the OU-1 investigation, 42 shallow soil
borings (0 to 2 feet bgs) were advanced and sampled to evaluate the potential for PCB impacts which may have
resulted from past transformer storage operations at the site.

COCs and EPCs identified for surface soils PSC SS-11 are summarized on Table 3-1L The sample
locations where COCs were detected are shown on Figure 3-8. Samples were not collected below the depth
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of 2 feet bgs, therefore, there are no COCs for combined surface and subsurface soils. Likewise, there were
no monitoring wells installed at PSC SS-11, therefore, there are no COCs for future groundwater exposure at
this site. The following bullets summarize the OU-1 RI investigation at PSC SS-11.

• Of the 89 soil samples which were analyzed, PCBs were only detected in three samples collected
from the eastern boundary of the site. The highest detected PCS concentration was 0.22 mg/kg.
PCBs were not detected below the depth of 1 foot bgs.

• The OU-1 vadose zone transport model (see Section 3.6.1.4) indicates that PCBs will not leach
to the bottom of the vadose zone. The modeling results demonstrate that it is highly unlikely
that there will be groundwater impacts as a result of existing conditions at PSC SS-11.

• As shown on Table 3-11, the only COCs for surficial soils at PSC SS-11 are PCBs. The EPC for
average exposure to surface soils is 0.026 mg/kg. The EPC concentration for RME exposure to
surface soils is 0.033 mg/kg. As previously mentioned, there are no COCs for subsurface soils.

• As shown on Table 3-44, the COCs for current groundwater exposure (production well samples)
are bromoform, bromodichloromethane, chloroform, dibromochloromethane, arsenic and fluoride.
EPC concentrations for current average exposure to groundwater are: bromoform at 0.0021 mg/L;
bromodichloromethane at 0.00054 mg/L; chloroform at 0.00030 mg/L; dibromochloromethane
at 0.0013 mg/L, arsenic at 0.0094 mg/L; and fluoride at 1.4 mg/L. EPC concentrations for current
RME exposure to groundwater are: bromoform at 0.0033 mg/L; bromodichloromethane at
0.00081 mg/L; chloroform at 0.00038 mg/L; dibromochloromethane at 0.0021 mg/L, arsenic at
0.012 mg/L; and fluoride at 2.2 mg/L. There are no COCs for future groundwater exposure
because there are no monitoring wells.

Based on the results of the Base-wide Risk Assessment (see Section 3.6), COCs identified at PSC SS-
11 were not present at concentrations high enough to cause adverse health effects under current land use

scenarios (military/industrial) or even in the unlikely event the site is converted to residential usage in the
future. Likewise, results of the vadose zone transport model (see Section 3.6.1.4) show that COCs detected
in the soil will not migrate to the underlying groundwater resources. As a result, there was no need to evaluate
remedial alternatives for PSC SS-11 in the OU-1 FS.

3.5.9 PSC OT-12 Old EOD Burial Site

PSC OT-12 consists of a 15-acre former landfill area located between the outboard runway and the
west perimeter road (Figure 3-3). The majority of the site lies in a low depression covered with bare soil and
grass. The site is located just south of the EOD Demolition and Burn Facility #1047, which was constructed
in 1963. Historic aerial photographs show a pit located at the site. The pit was probably excavated to dispose



FINAL OU-1 ROD
Luke AFB, Arizona

20 January 1999
Page 3-30

of the residue from the incineration or detonation of unused or outdated ordnance. The exact dates of

operation of the pit could not be determined; however, it was reportedly in existence in the early 1970s.

Currently, all unexploded ordnance is taken to the Gila Bend Auxiliary Field for demolition and disposal. No

previous environmental investigation or sampling was performed at this site prior to the OU-1 RI.

The objectives of the RI at PSC OT-12 were to define the boundaries of the former landfill and to
characterize its content. During the OU-1 Phase I investigation, geophysical and soil gas surveys were

conducted to define the landfill boundaries and to select locations for test pits. During OU-1 Phase II studies,
seven test pits were excavated and sampled to characterize the extent and contents of the landfill, and five soil

borings were advanced to further define the vertical and lateral extent of constituents of potential concern
detected during the test pit sampling. In August 1996, two additional soil borings were advanced and sampled

to collect supplemental VOC and BNA data for risk assessment purposes.

COCs and EPCs identified for soils PSC OT-12 are summarized on Tables 3-12 and 3-13. The sample
locations where COCs were detected are shown on Figure 3-9. There were no monitoring wells installed at
PSC OT-12, therefore, there are no COCs for future groundwater exposure at this site. The following bullets

summarize the OU-1 RI investigation at PSC OT-12.

• The geophysical survey delineated a prominent anomalous area in the western half of the site
which was interpreted as the location of landfilled material.

• The highest detected TRPH concentration was 1,400 mg/kg in the surficial soil sample collected
from Soil Boring SB-5. The deepest detected concentrations of TRPH were in samples collected
from the test pits at 10 feet bgs.

• Toluene and xylenes were the only detected VOC compounds. These compounds were only
detected in one sample collected from Test Pit TP-4. The detected concentration of toluene was
0.1 mg/kg, and the detected concentration of xylenes was 0.07 mg/kg. VOC compounds were not
detected below the depth of 6 feet bgs.

• BNA compounds were only detected in nine samples collected during Phase II sampling at
relatively low concentrations. The BNA detections were generally associated with TRPH. The
deepest detected concentrations of a BNA compound was BEP at 0.36 mg/Kg in the 18 to 20 foot
bgs sample collected from SB-3.

• Five samples contained lead concentrations in excess of background ranges. In general, the
samples with elevated lead concentrations also contained TRPH. The highest detected
concentration of lead was 330 mg/kg. None of the other detected metals concentrations exceed
their respective background UTLs.
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Three additional soil borings were advanced in August 1996 in response to concerns of the
quality of the VOC and BNA data produced by the ATI Phoenix laboratory. A total of seven
additional samples were collected. None of the samples collected from the additional soil
borings contained detectable concentrations of VOCs. BNA compounds were only detected in
two surficial samples. Sixteen different BNA compounds were detected at low concentrations.
Pyrene was detected at the highest concentration (1.4 mg/Kg). BNA compounds were not
detected in either of the subsurface samples collected in August of 1996.
The vadose zone transport model (see Section 3.1.6.4) indicates the highest concentration of
modeled constituents that could reach the bottom of the vadose zone is xylenes at 9.84 x 10"92

mg/L. This concentration is well below laboratory detection limits. Modeling results indicate
that it is highly unlikely that groundwater impacts will result from existing conditions.

All data of known quality were compared to the USEPA PRGs to establish COCs for the site. As
described in Section 3.4, VOC and BNA data produced by the ATI Phoenix laboratory were not
used in the COC evaluation because they did not meet stringent data quality standards.
As shown on Table 3-12, COCs for surficial soils at PSC OT-12 are TRPH, benzo(a)pyrene,
benzo(a)anthracene, benzo(b)fluoranthene, dibenzo(a,h)anthracene, arsenic, and beryllium. EPC
concentrations for average exposure to surface soils are: TRPH at 430 mg/kg; benzo(a)pyrene at
0.40 mg/kg; benzo(a)anthracene at 0.33 mg/kg; benzo(b)fluoranthene at 0.39 mg/kg;
dibenzo(a,h)anthracene at 0.18 mg/kg, arsenic at 4.4 mg/kg, and beryllium at 0.33 mg/kg. EPC
concentrations for RME exposure to surface soils are: TRPH at 840 mg/kg; benzo(a)pyrene at
1.1 mg/kg; benzo(a)anthracene at 0.81 mg/kg; benzo(b)fluoranthene at 1.2 mg/kg;
dibenzo(a,h)anthracene at 0.21 mg/kg, arsenic at 6.4 mg/kg, and beryllium at 0.46 mg/kg.
As shown on Table 3-13, COCs for combined surface and subsurface soils are TRPH,
benzo(a)pyrene, benzo(a)anthracene, benzo(b)fluoranthene, dibenzo(a,h)anthracene, arsenic, and
beryllium. EPC concentrations for average exposure to combined surface and subsurface soils
are: TRPH at 170 mg/kg; benzo(a)pyrene at 0.29 mg/kg; benzo(a)anthracene at 0.26 mg/kg;
benzo(b)fluoranthene at 0.28 mg/kg; dibenzo(a,h)anthracene at 0.18 mg/kg, arsenic at 4.0 mg/kg,
and beryllium at 0.31 mg/kg. EPC concentrations for RME exposure to combined surface and
subsurface soils are: TRPH at 290 mg/kg; benzo(a)pyrene at 0.52 mg/kg; benzo(a)anthracene at
0.42 mg/kg; benzo(b)fluoranthene at 0.56 mg/kg; dibenzo(a,h)anthracene at 0.19 mg/kg, arsenic
at 4.9 mg/kg, and beryllium at 0.37 mg/kg.
As shown on Table 3-44, the COCs for current groundwater exposure (production well samples)
are bromoform, bromodichloromethane, chloroform, dibromochloromethane, arsenic and fluoride.
EPC concentrations for current average exposure to groundwater are: bromoform at 0.0021 mg/L;
bromodichloromethane at 0.00054 mg/L; chloroform at 0.00030 mg/L; dibromochloromethane
at 0.0013 mg/L, arsenic at 0.0094 mg/L; and fluoride at 1.4 mg/L. EPC concentrations for current
RME exposure to groundwater are: bromoform at 0.0033 mg/L; bromodichloromethane at
0.00081 mg/L; chloroform at 0.00038 mg/L; dibromochloromethane at 0.0021 mg/L, arsenic at
0.012 mg/L; and fluoride at 2.2 mg/L. There are no COCs for future groundwater exposure
because there are no monitoring wells at the site.
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Based on the results of the Base-wide Risk Assessment (see Section 3.6), COCs identified at PSC OT-

12 were not present at concentrations high enough to cause adverse health effects under current land use
scenarios (military/industrial) or even in the unlikely event the site is converted to residential usage in the
future. Likewise, results of the vadose zone transport model (see Section 3.6.1.4) show that COCs detected
in the soil will not migrate to the underlying groundwater resources. As a result, there was no need to evaluate
remedial alternatives for PSC OT-12 in the OU-1 FS.

3.5.10 PSC DP-13 Drainage Ditch Disposal Area

PSC DP-13 is located in the northwest corner of the Base (Figure 3-3). This PSC is part of a general
landfill area that was expanded to include PSC OT-10 because the site locations overlapped and the presumed
buried contents were similar (see Appendix B). During the 1940s, this site was the location of a drainage ditch

which was reportedly used for general refuse disposal. The ditch was filled and covered when the Base was
deactivated in 1946. Asphalt and concrete rubble stored in the northwest corner of the site was disposed in

a burial pit in 1974. No known or suspected industrial-type wastes or hazardous wastes were disposed at this
site (CH2M HILL, 1982; AR# 3). Currently, a majority of the site is covered with bare ground. The northern
portion of the site is used as a bivouac area for preparedness training. No previous environmental investigation

or sampling was performed at this site prior to the OU-1 RI.

Objectives of the RI at PSC DP-13 were to define the boundaries of the former landfill and
characterize its contents. During the OU-1 Phase I RI, geophysical and soil gas surveys were conducted to
define the landfill boundaries and to select locations for test pits. Phase II activities consisted of excavating
fifteen test pits to characterize the extent and contents of the landfill. Ten soil borings were also advanced to
further define the vertical and lateral extent of constituents of potential concern detected in the test pit samples.
In August of 1996, three additional soil borings were advanced to collect supplemental VOC and BNA data
for risk assessment purposes.

COCs and EPCs identified for soil at PSC DP-13 are summarized in Tables 3-14 and 3-15. The
sample locations where COCs were detected are shown on Figure 3-10. There were no monitoring wells
installed at PSC DP-13, therefore, there are no COCs for future groundwater exposure at this site. The

following bullets summarize the OU-1 RI investigation at PSC DP-13.
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The geophysical survey identified several localized areas with anomalous conditions. The
anomalous conditions indicated past landfilling activities had occurred. These localized areas
were further explored with test pits.
Although waste was not observed in eight of the test pits, seven pits encountered waste materials
including concrete, wood, plastic, asphalt, and wire. Test Pits TP-12 and TP-13 (located within
the bivouac area) intercepted an inactive underground utility line. A paint pail and dried paint
residue were also observed in Test Pit TP-12.

VOC compounds were not detected in any of the 37 test pit samples or 33 soil boring samples
collected at this PSC.
TRPH concentrations were detected in 23 of the test pit samples and in 12 of the soil boring
samples. The highest TRPH concentrations were detected in soil samples collected from the
northern segment of the PSC near Test Pit TP-12. The highest detected concentration of TRPH
was 12,000 mg/kg in samples collected at 5 feet bgs. The deepest occurrence of TRPH (50
mg/kg) was at 20 feet bgs in Soil Boring SB-2.
BNAs were detected in three test pit samples and eight soil boring samples, all collected in the
northern portion of the site. BNA detections were generally associated with TRPH. The deepest
occurrence of BNAs was at a depth of 16 feet bgs. The two highest detections were for pyrene
(1.5 mg/kg) and fluoranthene (1.8 mg/kg) in surficial soil samples.
Samples of wastes collected at Test Pit TP-12 contained concentrations of chromium, lead,
copper, and zinc in excess of background ranges. The chromium and lead concentrations detected
in the 5 foot bgs sample collected at TP-12 were 15,900 mg/kg and 36,000 mg/kg, respectively.
The highest copper (3,900 mg/kg) and zinc (183 mg/kg) concentrations were detected in the six
foot bgs sample.
The OU-1 vadose zone transport model (see Section 3.6.1.4) indicates the highest concentration
of modeled constituents that can be expected at the bottom of the vadose zone is TRPH at 4.25
x 10'237 mg/L. This concentration is well below laboratory detection limits. The modeling
results demonstrate that it is highly unlikely that there will be groundwater impacts as a result
of existing conditions at PSC DP-13.

All data of known quality were compared to the USEPA PRGs to establish COCs for the site. As
described in Section 3.4, VOC and BNA data produced by the ATI Phoenix laboratory were not
used in the COC evaluation because they did not meet stringent data quality standards.
As shown on Table 3-14, the COCs for surficial soils at PSC DP-13 are TRPH, arsenic, and
beryllium. EPCs for average exposure to surface soils at DP-13 are TRPH at 300 mg/kg; arsenic
at 4.7 mg/kg; and beryllium at 0.38 mg/kg. EPCs for RME exposure to surface soils at DP-13 are
TRPH at 530 mg/kg, arsenic at 6.3 mg/kg, and beryllium at 0.47 mg/kg.

As shown on Table 3-15, the COCs for combined surficial and subsurface soils at PSC DP-13 are
TRPH, benzo(a)anthracene, benzo(a)pyrene, benzo(b)fluoranthene, dibenzo(a,h)anthracene,
arsenic, beryllium, chromium, copper, and lead. EPCs for average exposure to combined surface
and subsurface soils at DP-13 are TRPH at 410 mg/kg, benzo(a)anthracene at 0.24 mg/kg,
benzo(a)pyrene at 0.23 mg/kg, benzo(b)fluoranthene at 0.27 mg/kg, dibenzo(a,h)anthracene at
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0.099 mg/kg, arsenic at 4.2 mg/kg, beryllium at 0.35 mg/kg, chromium at 310 mg/kg, copper at
120 mg/kg, and lead at 700 mg/kg. EPCs for RME exposure to combined surface and subsurface
soils are: TRPH at 790 mg/kg, benzo(a)anthracene at 0.33 mg/kg, benzo(a)pyrene at 0.32 mg/kg,
benzo(b)fluoranthene at 0.36 mg/kg, dibenzo(a,h)anthracene at 0.11 mg/kg, arsenic at 5.1 mg/kg,
beryllium at 0.39 mg/kg, chromium at 820 mg/kg, copper at 250 mg/kg, and lead at 1,800 mg/kg.

• As shown on Table 3-44, the COCs for current groundwater exposure (production well samples)
are bromoform, bromodichloromethane, chloroform, dibromochloromethane, arsenic and fluoride.
EPC concentrations for current average exposure to groundwater are: bromoform, at 0.0021
mg/L; bromodichloromethane at 0.00054 mg/L; chloroform at 0.00030 mg/L;
dibromochloromethane at 0.0013 mg/L, arsenic at 0.0094 mg/L; and fluoride at 1.4 mg/L. EPC
concentrations for current RME exposure to groundwater are: bromoform, at 0.0033 mg/L;
bromodichloromethane at 0.00081 mg/L; chloroform at 0.00038 mg/L; dibromochloromethane
at 0.0021 mg/L, arsenic at 0.012 mg/L; and fluoride at 2.2 mg/L. There are no COCs for future
groundwater exposure because there are no monitoring wells at the site.

Based on the results of the Base-wide Risk Assessment (see Section 3.6), COCs identified at PSC DP-
13 were not present at areas of current exposure at concentrations high enough to cause adverse health effects.
Results of the vadose zone transport model (see Section 3.6.1.4) also showed that COCs detected in the soil

will not migrate to the underlying groundwater resources. However, the concentration of chromium and lead
detected in a waste samples collected at Test Pit TP-12 could theoretically cause adverse health affects if long-
term exposure were to occur.

Test Pits TP-12 (located near the side of a maintained road within the bivouac area) intercepted an
inactive underground utility line. A paint pail and dried paint residue were also observed in Test Pit TP-12.
Wastes collected from that test pit at a depth of 5 feet bgs contained chromium at 15,900 mg/kg and lead at
36,000 mg/kg. Because the wastes are buried and the surface area is maintained, direct exposure is not likely

under current land use scenarios. However, exposure to these buried wastes could result if excavation were

to occur at certain areas of the site or if the site were developed for residential purposes. For this reason,
remedial alternatives were developed for PSC DP-13 in the OU-1 FS as a protective measure.

3.5.11 PSC LF-14 Old Salvage Yard Burial Site

PSC LF-14 consists of a former landfill site located in the northeastern comer of the Base (Figure 3-3).
In the 1940s, this site was part of the main drainage canal (unlined) for the north end of the Base. The canal
was abandoned when the path of the drainage was changed in the 1950s. The abandoned canal may have been
used as a landfill and was completely filled and covered by 1962. According to interviews with Base
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personnel, PCB-containing transformer fluids may have been disposed in the ditch in the northern portion of

this site. The site is currently unpaved and covered with bare ground. No previous environmental
investigation or sampling was performed at this site prior to the OU-1 RI.

The objectives of the RI at PSC LF-14 were to define the boundaries of the former drainage ditch
landfill and to characterize its content. During the OU-1 investigation, geophysical and soil gas surveys were
conducted to define the landfill boundaries and to select locations for test pits. Phase II activities consisted

of excavating four test pits and sampling 10 soil borings. Two additional soil borings were advanced in
August 1996 to collect supplemental VOC and BNA data for risk assessment purposes.

COCs and EPCs identified for soil at PSC LF-14 are summarized in Tables 3-16 and 3-17. The
sample locations where COCs were detected are shown on Figure 3-11. There were no monitoring wells

installed at PSC LF-14, therefore, there are no COCs for future groundwater exposure at this site. The

following bullets summarize the OU-1 RI investigation at PSC LF-14.

• The geophysical survey at PSC LF-14 showed anomal ies across the entire survey area. However,
most of the data collected was considered inconclusive because of interference from a variety of
nearby surface debris and other cultural features (e.g. fencing) in the survey area.

• Samples collected from soil borings drilled in the northern limb of the site were the only samples
with detections of organic constituents. The highest detected TRPH concentration was 2,400
mg/kg in the surficial sample collected from Soil Boring SB-8. TRPH concentrations decreased
with increasing depth and were not detected below the depth of 30 feet bgs.

• The only VOC compound detected was xylenes at a concentration of 0.24 mg/kg in the subsurface
sample collected from Soil Boring SB-26.

• BNA compounds were detected in five samples collected from the northern limb of the site.
Detected BNA concentrations ranged from trace amounts to a maximum detection of 23 mg/kg
of butylbenzylphthalate. BNA detections were generally associated with TRPH and were not
detected below 35 feet bgs.

• PCBs were detected at relatively high concentrations in the central section of the northern limb
of the site. PCB concentrations ranged from near laboratory detection limits to 2,300 mg/kg. The
highest PCB concentration was detected in deep soil collected at Soil Boring SB-8 at a depth of
20 feet bgs.

• The highest detected concentrations of silver (4.8 mg/kg), cadmium (5.7 mg/kg), lead (88 mg/kg),
chromium (376 mg/kg), and zinc (737 mg/kg) do exceed their statistically derived background
values. All of the samples that contained metals concentrations in excess of background ranges
were collected at the surface in the northern limb of the site. TRPH was detected in a majority
of the samples with elevated metals concentrations.
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• The OU-1 vadose zone transport model indicates the highest concentration of modeled
constituents that can be expected at the bottom of the vadose zone is TRPH at 2.47 x 10"210 mg/L.
This concentration is well below laboratory detection limits. The modeling results demonstrate
that it is highly unlikely that there will be groundwater impacts as a result of existing conditions.

• All data of known quality were compared to the USEPA PRGs to establish COCs for the site. As
described in Section 3.4, certain site characterization data produced by the ATI Phoenix
laboratory were not used in the COC evaluation because they did not meet stringent data quality
standards.

• As shown on Table 3-16, COCs for surficial soils at PSC LF-14 are TRPH, PCBs,
benzo(a)pyrene, arsenic, beryllium, and chromium. EPCs for average exposure to surficial soil
are: TRPH at 540 mg/kg, PCBs at 1.7 mg/kg, benzo(a)pyrene at 0.12 mg/kg, arsenic at 4.1 mg/kg,
beryllium at 0.44 mg/kg, and chromium at 51 mg/kg. EPCs for RME exposure to surficial soil
are: TRPH at 1,100 mg/kg, PCBs at 3.6 mg/kg, benzo(a)pyrene at 0.15 mg/kg, arsenic at 5.8
mg/kg, beryllium at 0.62 mg/kg, and chromium at 100 mg/kg.

• As shown on Table 3-17, COCs for combined surface and subsurface soils are TRPH, PCBs,
benzo(a)pyrene, arsenic, beryllium, and chromium. EPCs for average exposure to combined
surface and subsurface soil are: TRPH at 280 mg/kg, PCBs at 1.0 mg/kg, benzo(a)pyrene at 0.13
mg/kg, arsenic at 4.4 mg/kg, beryllium at 0.43 mg/kg, and chromium at 18 mg/kg. EPCs for RME
exposure to surficial soil are: TRPH at 570 mg/kg, PCBs at 2.1 mg/kg, benzo(a)pyrene at 0.16
mg/kg, arsenic at 5.4 mg/kg, beryllium at 0.53 mg/kg, and chromium at 21 mg/kg.

• As shown on Table 3-44, the COCs for current groundwater exposure (production well samples)
are bromoform, bromodichloromethane, chloroform, dibromochloromethane, arsenic and fluoride.
EPC concentrations for current average exposure to groundwater are: bromoform, at 0.0021
mg/L; bromodichloromethane at 0.00054 mg/L; chloroform at 0.00030 mg/L;
dibromochloromethane at 0.0013 mg/L, arsenic at 0.0094 mg/L; and fluoride at 1.4 mg/L. EPC
concentrations for current RME exposure to groundwater are: bromoform, at 0.0033 mg/L;
bromodichloromethane at 0.00081 mg/L; chloroform at 0.00038 mg/L; dibromochloromethane
at 0.0021 mg/L, arsenic at 0.012 mg/L; and fluoride at 2.2 mg/L. There are no COCs for future
groundwater exposure because there are no monitoring wells at the site.

Based on the results of the Base-wide Risk Assessment (see Section 3.6), COCs identified at PSC LF-
14 were not present at areas of potential exposure at concentrations high enough to cause adverse health effects
under current land use scenarios. Although relatively high PCB concentrations (2,300 mg/kg) were detected
at the site, the depth at which this concentration was detected was greater than 16 feet bgs. As detailed in the
Base-wide risk assessment, exposure to soil at depths greater than 16 feet is unlikely, and therefore, data
collected below the depth of 16 feet are not incorporated into the risk calculations or occurrence tables.
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Sampling results for deep soils (>16 feet bgs) are only used in vadose zone transport model to evaluate the
potential for groundwater impacts. Results of the vadose zone transport model (see Section 3.6.1.4) show that
COCs detected in the soil at PSC LF-14 will not migrate to the underlying groundwater resources.

However, the concentrations of PCBs and chromium present in combined surface and subsurface soils
(0 to 16 feet bgs) could theoretically cause adverse health affects in unlikely event that PSC LF-14 were
developed for residential purposes in the future. For this reason, remedial alternatives were developed for PSC
LF-14 in the OU-1 FS as a protective measure.

3.5.12 PSC SS-1S Facility 328 Spill Site

PSC SS-15 consists of the Fuels Quality Control Laboratory (Facility 328) in the northeastern portion

of the Base (Figure 3-3). The Fuels Quality Control Laboratory performs quality control testing of fuels used
in aircraft. A spill of approximately 1000-gallons of fuel was reported to have occurred at this site during
replacement of an old underground fuel line with a new aboveground fuel line. This event was attributed to
Facility 328, Site Number 15 on page IV-10 of the IRP Phase I Report (CH2M HILL, 1982; AR#3). Because
there are no fuel tanks associated with this facility, the reference to Facility 328 was most likely an editorial
error. Prior to the beginning of the OU-1 field investigation, the FFA parties agreed to remove PSC SS-15 from
the NPL process and placed it under the jurisdiction of the ADEQ UST program for any and all remedial
activities. A consensus statement (Appendix B) was signed in 1993 to document this decision. There were
no environmental investigations or sampling performed at this site during the OU-1 RI.

3.5.13 PSC SS-16 Facility 321 USTs

PSC SS-16 is located in the northeastern portion of the Base (Figure 3-3), east of the Former Outside

Transformer Storage Area (PSC SS-11). Facility 321 contains six 50,000-gallon USTs used for storage of

motor fuels (MOGAS), diesel fuel, and jet propulsion (JP)-4 jet fuel. Records indicated that spills occur
infrequently at Facility 321 as a result of overfilling of tanks. A minor spill, estimated to be less than 1,000-
gallons, was reported to have occurred near Facility 321 when the connection was made from underground
lines to aboveground lines in 1964. Overfilling spills were reported to be insignificant, and the bulk of the
spilled fuel would have evaporated since the area surrounding the tanks is paved. Prior to the beginning of
the OU-1 field investigation, the FFA parties agreed to remove PSC SS-16 from the NPL process and placed
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it under the jurisdiction of the ADEQ UST program for any and all remedial activities. A consensus statement
(Appendix B) was signed in 1993 to document this decision. There were no environmental investigations or

sampling performed at this site during the OU-1 RI.

3.5.14 PSC SS-17 Former DPDO Yard

PSC SS-17 consists of the former Defense Property Disposal Office (DPDO) facility located in the
northeastern corner of the Base (Figure 3-3). The site occupies approximately 13-acres. Forty percent of the
site is paved with old asphalt and concrete pads and 60-percent is soil ground cover. During the 1950s and
1960s, hazardous materials and 55-gallon drums of industrial wastes were stored on the floor of the former

DPDO building. The hazardous waste included spent thinners and strippers, paint, solvents, mercury-
contaminated rags, and asbestos-containing material.

In 1986, all wastes were shipped from the site for proper disposal in California. Soil samples and
samples of the concrete pad were collected in May 1986. None of the samples contained detectable
concentrations of potential contaminants. The DPDO yard was listed as "closed" on September 21,1988, with
closure acknowledged by ADEQ on September 30,1988. Despite its "closed" status, PSC SS-17 was included
intheOU-lRI.

Objectives of the RI at PSC SS-17 were to assess the surficial and subsurface soils at the site to
determine the nature and extent of any detected constituents of potential concern. During the OU-1
investigation, a geophysical survey was conducted to screen for buried drums or other objects that could
interfere with drilling. Twelve soil borings were advanced and sampled during Phase II activities. One
additional soil boring was sampled in August of 1996 to collect supplemental VOC and BNA data for risk
assessment purposes.

COCs and EPCs identified for soil at PSC SS-17 are summarized in Tables 3-18 and 3-19. The
sample locations where COCs were detected are shown on Figure 3-12. There were no monitoring wells
installed at PSC SS-17, therefore, there are no COCs for future groundwater exposure at this site. The
following bullets summarize the OU-1 RI investigation at PSC SS-17.

• TRPH was detected in at least one sample from each boring. The highest TRPH concentrations
were reported in the surficial sample collected from Soil Boring SB-5, which contained 7,000
mg/kg. TRPH concentrations were not reported below 28 feet.
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• BNA compounds were only detected in one sample. An estimated concentration of 0.7 mg/kg of
di-n-octylphthalate was reported in the surficial sample collected from the boring drilled in August
1996. Only one VOC compound was detected (acetone at 0.9 mg/kg) in one surficial sample.

• PCBs were detected in four samples. The highest detected concentration was 0.30 mg/kg in a
surficial soil sample.

• The highest detected concentrations of beryllium (2.6 mg/kg), cadmium (24.6 mg/kg), copper
(189 mg/kg), lead (169 mg/kg), silver (2 mg/kg), and zinc (366 mg/kg) do exceed their respective
background UTLs.

• The OU-1 vadose zone transport model indicates the highest concentration of modeled
constituents that can be expected to leach to the bottom of the vadose zone is TRPH at 1.42 x
10'210 mg/L. This concentration is well below laboratory detection limits. The modeling results
demonstrate that it is highly unlikely that there will be groundwater impacts as a result of
existing conditions at PSC SS-17.

• All data of known quality were compared to the USEPA PRGs to establish COCs for the site. As
described in Section 3.4, VOC and BNA data produced by the ATI Phoenix laboratory were not
used in the COC evaluation because they did not meet stringent data quality standards.

• As shown on Table 3-18, the COCs for surficial soils at PSC SS-17 are TRPH, PCBs, arsenic and
beryllium. EPCs for average exposure to surficial soils are: TRPH at 1,600 mg/kg, PCBs at 0.079
mg/kg, arsenic at 3.1 mg/kg, and beryllium at 0.59 mg/kg. EPCs for RME exposure to surficial
soils are: TRPH at 4,000 mg/kg, PCBs at 0.13 mg/kg, arsenic at 4.3 mg/kg, and beryllium at 1.3
mg/kg.

• As shown on Table 3-19, the COCs for combined surface and subsurface soils are TRPH, PCBs,
arsenic and beryllium. EPCs for average exposure to combined surface and subsurface soils are:
TRPH at 640 mg/kg, PCBs at 0.079 mg/kg, arsenic at 4.0 mg/kg, and beryllium at 0.51 mg/kg.
EPCs for RME exposure to surficial soils are: TRPH at 1,300 mg/kg, PCBs at 0.13 mg/kg, arsenic
at 5.1 mg/kg, and beryllium at 0.81 mg/kg.

• As shown on Table 3-44, the COCs for current groundwater exposure (production well samples)
are bromoform, bromodichloromethane, chloroform, dibromochloromethane, arsenic and fluoride.
EPC concentrations for current average exposure to groundwater are: bromoform at 0.0021 mg/L;
bromodichloromethane at 0.00054 mg/L; chloroform at 0.00030 mg/L; dibromochloromethane
at 0.0013 mg/L, arsenic at 0.0094 mg/L; and fluoride at 1.4 mg/L. EPC concentrations for current
RME exposure to groundwater are: bromoform, at 0.0033 mg/L; bromodichloromethane at
0.00081 mg/L; chloroform at 0.00038 mg/L; dibromochloromethane at 0.0021 mg/L, arsenic at
0.012 mg/L; and fluoride at 2.2 mg/L. There are no COCs for future groundwater exposure
because there are no monitoring wells at the site.

Based on the results of the Base-wide Risk Assessment (see Section 3.6), COCs identified at PSC SS-
17 were not present at concentrations high enough to cause adverse health effects under current land use
scenarios (military/industrial) or even in the unlikely event the site is converted to residential usage in the
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future. Likewise, results of the vadose zone transport model (see Section 3.6.1.4) show that COCs detected
in the soil will not migrate to the underlying groundwater resources. As a result, there was no need to evaluate
remedial alternatives for PSC SS-17 in the OU-1 FS.

3.5.15 PSC ST-19 BX Leaking USTs

PSC ST-19 consists of an area of soil contamination resulting from leakage of petroleum fuel from
former USTs located at the former Base Military Gasoline Station, Facility 299. This facility was located in
the northeast portion of the Base (Figure 3-3). The site was used for the dispensing of unleaded gasoline and
diesel fuel for use by military vehicles. Currently, this site is covered with asphalt pavement and is part of the

Base vehicle maintenance facility. Facility 299 consisted of three 10,000-gallon USTs.

On August 18, 1987, a release of unleaded gasoline at this facility was reported to the ADEQ.
Investigation of the site after UST removal confirmed the presence of gasoline contamination. Subsequent

subsurface investigations showed the contamination to be confined to depths of less than 70-feet and a limited
areal extent. Depth to groundwater is approximately 360 feet bgs. A complete discussion of the site
investigation and evaluation is contained in the report Leaking Underground Storage Tank Assessment-Phase
//(Water Resources Associates, 1989). Upon review of this report, the ADEQ UST Compliance Unit issued
a formal case closure letter dated November 1, 1989. Prior to the beginning of the OU-1 field investigation,
the FFA parties agreed that the site would remain under the jurisdiction of the ADEQ UST program. A

consensus statement (Appendix B) was signed to document this arrangement. There were no environmental
investigation or sampling performed at this site during the OU-1 RI.

3.5.16 PSC SD-20 Oil/Water Separator Canal and Earth Fissures

PSC SD-20 consists of a drainage canal located on the southern side of the Base (Figure 3-3). This
unlined canal originates at the Oil/Water Separator 912, approximately 100-feet north of'N' Street, and

extends southward. The 912 oil/water separator system serves two drainage systems, a 30-inch diameter
system for the areas to the northwest and a 43-inch diameter system for an area to the northeast. Occasionally
during past storm events, stagnant oily water in the 30-inch subsystem overflowed into the oil/water separator
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canal. Recent upgrades to the Base sewer system have eliminated the potential for additional discharges to
the canal. Two earth fissures, apparently resulting from differential land subsidence, are present at the end of
the drainage canal.

During the IRP, Phase II, Stage 2 Investigation, Weston conducted a variety of investigations. The
soil-gas survey consisted of collecting soil-gas samples at regular intervals along the canal from its origin to

where it crossed the Base boundary, along two perpendicular transects of the canal. Six 100-foot deep soil
borings were advanced and sampled, and 20 sediment samples were collected from the canal. Surface-water
samples were collected on two separate occasions. The groundwater investigation consisted of installing two
groundwater monitoring wells (MW-102 and MW-103) and collecting three rounds of groundwater samples.
Results of this investigation are presented in the Phase II IRP Report (Roy F. Weston, 1988a,b; AR# 8,45).

During the OU-1 investigations, additional soil boring samples, sediment samples, and groundwater
samples were collected to determine the presence of constituents of potential concern, to evaluate the
dimensions of any impacted areas, and to assess risk. Fourteen soil borings and 18 sediment borings were
advanced and sampled. Three groundwater monitoring wells (MW-112S, MW-112D, and MW-113) were also
installed and sampled. The three new monitoring wells and two existing monitoring wells (MW-102 and MW-
103) were sampled during quarterly and semi-annual base-wide groundwater monitoring.

Additional studies were also performed at the site during the OU-1 RI to evaluate the potential effects
of the nearby Luke Salt Body and earth fissures on contaminant transport and migration pathways. A complete

discussion of the methodology, results, and conclusions of the earth fissure study can be found in Appendix
R of the OU-1 Remedial Investigation Report (Geraghty & Miller, Inc. 1997a; AR#188 and 189) and in a
separate report which was started by the U.S. Geological Survey and finished by Geraghty & Miller (Geraghty
& Miller, 1996b).

COCs and EPCs identified for soil at PSC SD-20 are summarized in Tables 3-20 and 3-22. COCs and
EPCs identified for groundwater monitoring well samples collected at PSC SD-20 are summarized on Table
3-22. The sample locations where COCs were detected are shown on Figure 3-13. The following bullets
summarize the OU-1 RI investigation at PSC SD-20.

• A total of 62 soil samples and 35 sediment samples were collected and analyzed for TRPH,
VOCs, BNAs, and metals.
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TRPH was detected in 23 of the 62 soil boring samples and 16 of the 35 sediment samples
collected at PSC SD-20. The highest detected concentration of TRPH was 3,700 mg/kg in the
sediment sample collected approximately 400-feet downstream from the head of the canal at a
depth of 0 to 1 foot bgs. Detected TRPH concentrations generally decreased with increasing
distance from the head of the canal. The deepest detected concentration of TRPH (10 mg/kg) was
in the soil sample from the soil boring for groundwater Monitoring Well MW-112D at a depth of
130 to 132 feet bgs.
VOCs were only detected in soil and sediment samples collected at the head of the canal. Toluene
was the only VOC which was detected in any soil or sediment samples collected at the site. The
highest detected concentration of toluene was 0.1 mg/kg. The deepest depth at which toluene was
detected was 16 feet bgs.
BNAs were only detected in one soil and two sediment samples collected at the head of the canal.
SNA compounds were only detected in samples that also contained TRPH. BNA compounds
were not detected below 8 feet bgs.

The OU-1 vadose zone transport model indicates the highest concentration of modeled
constituents that can be expected at the bottom of the vadose zone is TRPH at 1.31 x 10"29 mg/L.
This concentration is well below laboratory detection limits. Modeling results demonstrate it
is highly unlikely that there will be groundwater impacts as a result of existing conditions at
PSC SD-20.

The doming of the Luke Salt Body has apparently affected the hydrostratigraphic units in this area
and has created different hydrogeological regimes in the northern and southern portions of the site.
Water level altitudes in wells located at the northern portion of the site (MW-102 and MW-103)
are typically 50 to 70-feet lower than wells located at the southern portion of this site (MW-112S,
MW-112D, and MW-113). As a result, it is not possible to accurately calculate apparent gradients
and water level contours for the PSC SD-20 area.
Groundwater quality at this PSC was assessed by collecting and analyzing groundwater samples
from Monitoring Wells MW-102, MW-103, MW-112S, MW-112D, and MW-113.
TCE, PCE, and toluene have consistently been detected at concentrations near laboratory
detection limits in groundwater samples from Monitoring Wells MW-112S and MW-113 prior
to the third quarter of 1995. VOC compounds have not been detected in any groundwater samples
collected after the second quarter of 1995.
Only three groundwater samples collected at the site contained detectable concentrations of BNA
compounds. BEP was detected in groundwater samples collected from Monitoring Wells MW-
102 and MW-103 in the fourth quarter of 1991. BEP has not been detected in any subsequent
samples collected from these two wells. Benzoic acid was the only other BNA compound
detected in groundwater samples collected at the site. Benzoic acid was detected at a
concentration of 40 micrograms per liter (ug/L) in the groundwater sample collected from
Monitoring Well MW-112S in the fourth quarter of 1993. BNAs have not been detected prior to
or after this isolated occurrence.
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• All data of known quality were compared to the USEPA PRGs to establish COCs for the site. As
described in Section 3.4, VOC and BNA data produced by the ATI Phoenix laboratory were not
used in the COC evaluation because they did not meet stringent data quality standards.

• As shown on Table 3-20, the COCs for surflcial soils at PSC SD-20 are TRPH, benzo(a)pyrene,
arsenic, and beryllium. EPCs for average exposure to surficial soils are: TRPH at 320 mg/kg,
benzo(a)pyrene at 0.19 mg/kg, arsenic at 3.3 mg/kg, and beryllium at 0.41 mg/kg. EPCs for RME
exposure to surficial soils are: TRPH at 530 mg/kg, benzo(a)pyrene at 0.21 mg/kg, arsenic at 3.8
mg/kg and beryllium at 0.48 mg/kg.

• As shown on Table 3-21, the COCs for combined surface and subsurface soils at PSC SD-20 are
TRPH, benzo(a)pyrene, arsenic, and beryllium. EPCs for average exposure to combined surface
and subsurface soils are: TRPH at 210 mg/kg, benzo(a)pyrene at 0.17 mg/kg, arsenic at 4.9
mg/kg, and beryllium at 0.32 mg/kg. EPCs for RME exposure to combined surface and
subsurface soils are: TRPH at 360 mg/kg, benzo(a)pyrene at 0.19 mg/kg, arsenic at 5.9 mg/kg and
beryllium at 0.37 mg/kg.

• As shown on Table 3-44, the COCs for current groundwater exposure (production well samples)
are bromoform, bromodichloromethane, chloroform, dibromochloromethane, arsenic and fluoride.
EPC concentrations for current average exposure to groundwater are: bromoform, at 0.0021
mg/L; bromodichloromethane at 0.00054 mg/L; chloroform at 0.00030 mg/L;
dibromochloromethane at 0.0013 mg/L, arsenic at 0.0094 mg/L; and fluoride at 1.4 mg/L. EPC
concentrations for current RME exposure to groundwater are: bromoform, at 0.0033 mg/L;
bromodichloromethane at 0.00081 mg/L; chloroform at 0.00038 mg/L; dibromochloromethane
at 0.0021 mg/L, arsenic at 0.012 mg/L; and fluoride at 2.2 mg/L.

• As shown on Table 3-22, the COCs for future groundwater exposure at the site are arsenic and
lead. COCs for future current groundwater exposure are from monitoring well samples. It should
be noted that although other VOC and BNA compounds (such as TCE, PCE, and BEP) were
detected in monitoring well samples, these compounds were not detected at concentrations above
the USEPA PRGs, and therefore were not identified as COCs. EPCs for future average exposure
to groundwater are arsenic at 0.014 mg/L and lead at 0.0067 mg/L. EPCs for future RME
exposure to groundwater are arsenic at 0.016 mg/L and lead at 0.010 mg/L.

Based on the results of the Base-wide Risk Assessment (see Section 3.6), COCs identified at PSC SD-
20 were not present at concentrations high enough to cause adverse health effects under current land use
scenarios (military/industrial) or even in the unlikely event the site is converted to residential usage in the

future. Likewise, results of the vadose zone transport model (see Section 3.6.1.4) show that COCs detected
in the soil will not migrate to the underlying groundwater resources. As a result, there was no need to evaluate
remedial alternatives for PSC SD-20 in the OU-1 FS.
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3.5.17 PSC SD-21 Wastewater Treatment Plant Effluent Canal

PSC SD-21 is located approximately 2-miles east of the Base, south of Glendale Avenue, adjacent to
the west bank of the Agua Fria River (Figure 3-3). Prior 1997, treated effluent was discharged to this canal
from the Base WWTP. The canal and associated wetlands comprised approximately 33-acres. The water in

the canal is categorized as effluent dominated surface water according to the ADEQ. In 1997, effluent
discharge to the canal was discontinued and discharge was piped to the new Luke AFB golf course for

irrigation.

In 1986 and 1987, the WWTP effluent canal was assessed during the IRP, Phase II, Stage 2
Investigation (Roy F. Weston, Inc., 1988; AR# 8,45). During this investigation soil gas samples, soil borings
samples, and sediment samples were collected along the canal. Effluent samples were collected over three

days in January 1987 and additional sampling was conducted in February 1987. A single monitoring well
(MW-101) was installed in 1986, and groundwater samples were collected in 1986 and 1987.

During the OU-1 investigations, soil boring samples, sediment samples, surface-water samples, and
groundwater samples were collected to determine the presence of constituents of potential concern, to evaluate
the dimensions of any impacted areas, and to assess risks associated with the effluent canal.

COCs and EPCs identified for soil at PSC SD-21 are summarized in Tables 3-23 and 3-24. COCs
and EPCs identified for sediments at PSC SD-21 are summarized on Table 3-25. COCs and EPCs for
surfacewater and groundwater are summarized on Tables 3-26 and 3-27, respectively. The sample locations
where COCs were detected are shown on Figure 3-14. The following bullets summarize the OU-1 RI
investigation at PSC SD-21.

• VOC compounds were only detected in one soil boring sample and one sediment sample. The
only VOC compound detected in soil boring samples was a trace concentration (<0.1 mg/kg) of
toluene in the 18 to 20 foot bgs sample collected from Soil Boring SB-4. The only VOC
compound detected in sediment samples was 0.6 mg/kg of acetone in sediment sample SD-7.

• BNAs were only detected in three soil boring samples and one sediment samples. A trace level
of BEP (<0.17 mg/kg) was detected in the 24 to 26 foot sample from Soil Boring SB-1 and the
sediment sample SD-3. BNAs were detected in the 6 to 8 foot sample from Soil Boring SB-3 and
the surficial sample from Soil Boring SB-5. BNA compounds were detected at the highest
concentration in the surficial sample collected at Soil Boring SB-5. The highest detected
concentration of a BNA compound was 1.5 mg/kg of benzo(b)fluoranthene.
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• The highest detected concentrations of silver (30 mg/kg), cadmium (3 mg/kg), copper (81.4
mg/kg), lead (48 mg/kg), and zinc (166 mg/kg) in three sediment samples do slightly exceed
background ranges. Metals concentrations detected in soil boring samples do not exceed
background ranges.

• VOCs were not detected in the surface-water samples. Inorganic constituents detected in surface
water samples were within limits numeric water quality standards with only a few exceptions.

• The OU-1 vadose zone transport model indicates the highest concentration of modeled
constituents that can be expected to leach to the bottom of the vadose zone is toluene at 2.30 x
10'7 mg/L. Modeling results demonstrate it is highly unlikely that there will be groundwater
impacts as a result of existing conditions at PSC SD-21.

• Groundwater samples collected from Monitoring Well MW-101 contained BNA and VOC
compounds on only one occasion. The groundwater sample collected during the second quarter
of 1994 contained acetone and carbon disulfide at concentrations of 23 and 25 ng/L, respectively.
Groundwater samples collected approximately 2 months later did not contain these compounds.

• The highest detected concentrations of metals in groundwater samples were all below their
respective background UTLs with the exception of copper. The highest detected concentration
of copper (0.092 mg/L) does slightly exceed its background UTL of .056 mg/L, however it is
within the range of naturally occurring concentrations included in the background data set.

• All data of known quality were compared to the USEPA PRGs to establish COCs for the site. As
described in Section 3.4, VOC and BNA site characterization data produced by the ATI Phoenix
laboratory were not used in the COC evaluation because they did not meet stringent data quality
standards.

• As shown on Table 3-23, the COCs for surficial soils at PSC SD-21 are benzo(b)fluoranthene,
benzo(a)pyrene, dibenzo(a,h)anthracene, arsenic and beryllium. EPCs for average exposure to
surficial soils at PSC SD-21 are: benzo(b)fluoranthene at 0.56 mg/kg, benzo(a)pyrene at 0.25
mg/kg, dibenzo(a,h)anthracene at 0.085 mg/kg, arsenic at 3.9 mg/kg, and beryllium at 0.28 mg/kg.
EPCs for RME exposure to surficial soils are: benzo(b)fluoranthene at 1.9 mg/kg, benzo(a)pyrene
at 0.74 mg/kg, dibenzo(a,h)anthracene at 0.085 mg/kg, arsenic at 5.3 mg/kg, and beryllium at 0.36
mg/kg.

• As shown on Table 3-24, the COCs for combined surface and subsurface soils at PSC SD-21 are
benzo(b)fluoranthene, benzo(a)pyrene, dibenzo(a,h)anthracene, arsenic and beryllium. EPCs for
average exposure to combined surface and subsurface soils at PSC SD-21 are:
benzo(b)fluoranthene at 0.32 mg/kg, benzo(a)pyrene at 0.17 mg/kg, dibenzo(a,h)anthracene at
0.085 mg/kg, arsenic at 3.6 mg/kg, and beryllium at 0.26 mg/kg. EPCs for RME exposure to
surficial soils are: benzo(b)fluoranthene at 0.80 mg/kg, benzo(a)pyrene at 0.34 mg/kg,
dibenzo(a,h)anthracene at 0.085 mg/kg, arsenic at 4.4 mg/kg, and beryllium at 0.30 mg/kg.

• As shown on Table 3-25, the COCs for sediments at PSC SD-21 are arsenic and beryllium. EPCs
for average exposure to sediments are: arsenic at 9.2 mg/kg and beryllium at 0.44 mg/kg. EPCs
for RME exposure to sediments are arsenic at 15 mg/kg and beryllium at 0.65 mg/kg.
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• As shown on Table 3-26, COCs for surface water at PSC SD-21 are arsenic and lead. EPCs for
average exposure to surfacewater are arsenic at 0.029 mg/L and lead at 0.031 mg/L. EPCs for
RME exposure to surfacewater are arsenic at 0.073 rag/kg and lead at 0.10 mg/L.

• As shown on Table 3-44, the COCs for current groundwater exposure (production well samples)
are bromoform, bromodichloromethane, chloroform, dibromochloromethane, arsenic and fluoride.
EPC concentrations for current average exposure to groundwater are: bromoform, at 0.0021
mg/L; bromodichloromethane at 0.00054 mg/L; chloroform at 0.00030 mg/L;
dibromochloromethane at 0.0013 mg/L, arsenic at 0.0094 mg/L; and fluoride at 1.4 mg/L. EPC
concentrations for current RME exposure to groundwater are: bromoform, at 0.0033 mg/L;
bromodichloromethane at 0.00081 mg/L; chloroform at 0.00038 mg/L; dibromochloromethane
at 0.0021 mg/L, arsenic at 0.012 mg/L; and fluoride at 2.2 mg/L.

• As shown on Table 3-27, COCs for future groundwater exposure are arsenic and lead. These
COCs were detected in samples collected from groundwater monitoring wells at the site. EPCs
for future average exposure to groundwater are arsenic at 0.0042 mg/L and lead at 0.0030 mg/L.
EPCs for future RME exposure to groundwater are arsenic at 0.0078 mg/L and lead at 0.0057
mg/L.

Based on the results of the Base-wide Risk Assessment (see Section 3.6), COCs identified at PSC SD-
21 were not present at concentrations high enough to cause adverse health effects under current land use
scenarios (military/industrial) or even in the unlikely event the site is converted to residential usage in the
future. Likewise, results of the vadose zone transport model (see Section 3.6.1.4) show that COCs detected

in the soil will not migrate to the underlying groundwater resources. As a result, there was no need to evaluate
remedial alternatives for PSC SD-21 in the OU-1 FS.

3.5.18 PSC DP-24 Base Ammunition Storage Area

PSC DP-24 consists of the Ammunition Storage area located south of the Base along 24th Street
(Figure 3-3). The site is generally circular, encompassing approximately 420 acres. The Base has used the
site for storage of explosive ordinance and ammunition since the 1950's. During the July 1990 Project
Managers Meeting, the site history and conditions were reviewed. Prior to the beginning of the OU-1 field

investigation, the FFA parties agreed not to include DP-24 on the list of CERCLA sites because it had been
identified as a PSC due to a clerical error that occurred in the compilation of the original list of sites. A
consensus statement (Appendix B) was signed to document this decision.
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3.5.19 PSC LF-25 Northwest Landfill

PSC LF-25 consists of an area formerly used for landfill ing located along the southwest boundary of
the Base, between the west perimeter and the northwest runway (Figure 3-3). This narrow site occupies
approximately 43-acres. Portions of PSC LF-25 are located immediately downrange of the Base skeet shooting
range (PSC OT-41). Small localized sections of the site were used as a landfill for construction debris in the
past for an undetermined length of time, but it has not been used since 1989.

In January 1990, a geophysical and organic vapor survey was conducted in the southern part of PSC
LF-25. Approximately 80 individual objects were identified and cataloged. The remainder of the site
(approximately one-third of the total area) was determined to be clear of metallic objects.

In preparation for the OU-1 investigation, the USAF removed the construction debris which was
landfilled in the southern portion of the site to facilitate subsurface sampling at this area. The landfill contents

were sifted as they were excavated. The only containers identified were several empty drums labeled as
containing concrete curing compound. All excavated material, the majority of which was concrete rubble, was
removed and taken to a permitted solid waste construction landfill. The site currently consists of a grassy
swale.

The objectives of the RI at PSC LF-25 were to define the boundaries of any former landfills and to

characterize their content. During the OU-1 investigations, geophysical and soil gas surveys were conducted

to define landfill boundaries and to select locations for test pits. Fifteen test pits were also excavated and
sampled. Five soil borings were advanced and sampled to further define the extent of constituents detected
in the test pit samples and for risk assessment purposes. Additional sampling was also conducted at this site
during the ecological risk assessment field sampling program.

COCs and EPCs identified for soil at PSC LF-25 are summarized in Tables 3-28 and 3-29. The
sample locations where COCs were detected are shown on Figure 3-15. There were no monitoring wells
installed at PSC LF-25, therefore, there are no COCs for future groundwater exposure at this site. The
following bullets summarize the OU-1 RI investigation at PSC LF-25.
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The geophysical data indicated that nearly the entire site is tree of anomalies that would suggest
the presence of landfilling or past disposal activities. The largest anomalies at the site were
associated with stockpiled construction debris and rubble which were removed by the Base just
prior to the OU-1 RI.

TRPH concentrations were detected in 14 of 32 test pit samples and three often soil boring
samples. The highest detected concentration of TRPH was only 290 mg/kg in the surficial sample
collected from Soil Boring SB-1. The sample collected from Test Pit TP-15 at 7 feet bgs showed
the deepest detection of TRPH (250 mg/kg).

The only VOC compound detected was xylenes. A concentration of 0.14 mg/kg of xylenes was
detected in the sample collected from Soil Boring SB-4 at a depth of 8 to 10 feet bgs.

BNA compounds were detected at low concentrations in samples collected from Test Pits TP-10,
TP-14, and TP-15 and Soil Boring SB-5. The highest detected concentration was for
benzo(b)fluoranthene, which was detected at a concentration of 2.3 mg/kg. Detected BNA
concentrations did not exceed a depth of 10 feet bgs.
The highest detected concentrations of antimony (368 mg/kg), beryllium (7.6 mg/kg), and lead
(10,100 mg/kg) do exceed their respective background UTLs and the range of concentrations
included in the background data set. The surficial sample collected from Test Pit TP-9 contained
the highest concentration of beryllium and elevated concentrations of lead (66 mg/kg). Similarly,
the surficial sample collected from Test Pit TP-11 contained the only detection of antimony,
slightly elevated concentrations of beryllium, and the highest detected concentration of lead.
The highest detections of beryllium (7.6 mg/kg), lead (10,100 mg/kg), and antimony (368 mg/kg)
appear to be related to the presence of shot associated with the nearby skeet range (PSC OT-41).
With only one exception, soil samples containing these metals at concentrations above the
background UTLs were collected from Test Pits TP-9, TP-11, and TP-12 which are located
directly downrange of the skeet range.
The OU-1 vadose zone transport model indicates the highest concentration of modeled
constituents that can be expected at the bottom of the vadose zone is TRPH at 6.61 x 10'2M mg/L.
This concentration is well below laboratory detection limits. Modeling results demonstrate it
is highly unlikely that there will be groundwater impacts as a result of existing conditions at
PSC LF-25.

All data of known quality were compared to the USEPA PRGs to establish COCs for the site. As
described in Section 3.4, certain site characterization data produced by the ATI Phoenix
laboratory were not used in the COC evaluation because they did not meet stringent data quality
standards.
As shown on Table 3-28, COCs for surficial soils at PSC LF-25 are TRPH, antimony, arsenic,
beryllium, and lead. EPCs for average exposure to surficial soils are: TRPH at 71 mg/kg,
antimony at 24 mg/kg, arsenic at 3.5 mg/kg, beryllium at 1.4 mg/kg, and lead at 610 mg/kg. EPCs
for RME exposure to surficial soils are: TRPH at 110 mg/kg, antimony at 61 mg/kg, arsenic at 4.9
mg/kg, beryllium at 2.3 mg/kg, and lead at 1,600 mg/kg.
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• As shown on Table 3-29, COCs for combined surface and subsurface soils are TRPH,
benzo(a)pyrene, antimony, arsenic, beryllium, and lead. EPCs for average exposure to combined
surface and subsurface soils are: TRPH at 43 mg/kg, benzo(a)pyrene at 0.10 mg/kg, antimony at
12 mg/kg, arsenic at 3.0 mg/kg, beryllium at 1.1 mg/kg, and lead at 290 mg/kg. EPCs for RME
exposure to combined surface and subsurface soils are: TRPH at 64 mg/kg, benzo(a)pyrene at
0.10 mg/kg, antimony at 29 mg/kg, arsenic at 3.6 mg/kg, beryllium at 1.5 mg/kg, and lead at 770
mg/kg.

• As shown on Table 3-44, the COCs for current groundwater exposure (production well samples)
are bromoform, bromodichloromethane, chloroform, dibromochloromethane, arsenic and fluoride.
EPC concentrations for current average exposure to groundwater are: bromoform, at 0.0021
mg/L; bromodichloromethane at 0.00054 mg/L; chloroform at 0.00030 mg/L;
dibromochloromethane at 0.0013 mg/L, arsenic at 0.0094 mg/L; and fluoride at 1.4 mg/L. EPC
concentrations for current RME exposure to groundwater are: bromoform, at 0.0033 mg/L;
bromodichloromethane at 0.00081 mg/L; chloroform at 0.00038 mg/L; dibromochloromethane
at 0.0021 mg/L, arsenic at 0.012 mg/L; and fluoride at 2.2 mg/L. There are no COCs for future
groundwater exposure because there are no monitoring wells at the site.

Results of the Base-wide Risk Assessment (see Section 3.6) indicate that concentrations of lead and
antimony in the surficial soils at PSC LF-25 could potentially cause adverse health effects if prolonged
exposure, such as excavation work, were to occur. Only one area of the site, adjacent to the skeet range,
contained lead and antimony at elevated concentrations.

Metal shot, containing lead and antimony, still routinely fall on the site because the adjacent Base
Skeet Shooting Range is still active. Treatability studies conducted as part of the OU-1 FS (Geraghty & Miller,

1998d) have shown that if the shot is physically removed from the soil, residual lead and antimony
concentrations would not present health concerns. Regardless of the source of the lead and antimony
contaminants, remedial alternatives were developed for soils at PSC LF-25 in the OU-1 FS as a protective

measure.

3.5.20 PSC SD- 26 Hush House Canal

PSC SD-26 consists of a surface drainage canal located southeast of the Hush Houses (Figure 3-3).
This canal merges with the Oil/Water Separator canal (PSC SD-20) at a location southwest of the Base

Ammunition Storage Area. The combined flows discharge to an area of subsidence fissures. From the mid

1960s until 1993, the oil/water separators attached to the Hush Houses discharged directly into PSC SD-26.
The oil/water separators were connected to the Base's WWTP in 1993 and no longer discharge to the canal.
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Drainage from the runway and taxiway to the west, and most of the facilities for the 944th Tactical Air Group

are also channeled into the Hush House canal. This site was not included in any IRP documents or reports.
No previous environmental investigation or sampling was performed at this site prior to the OU-1 RI.

OU-1 Phase I and Phase II activities consisted of collecting sediment samples from 24 locations and
drilling 10 soil borings. In August of 1996, three additional soil borings were drilled and sampled to collect
supplemental VOC and BNA data for risk assessment purposes. Additional surface sediment samples were
also collected in anticipation of a request from the Agency for Toxic Substances and Disease Registry
(ATSDR) for data to prepare a health risk assessment.

COCs and EPCs identified for soil at PSC SD-26 are summarized in Tables 3-30 and 3-31. The
sample locations where COCs were detected are shown on Figure 3-16. There were no monitoring wells
installed at PSC SD-26, therefore, there are no COCs for future groundwater exposure at this site. The
following bullets summarize the OU-1 RI investigation at PSC SD-26.

• TRPH concentrations were detected in 21 of the soil boring samples and in 19 of the sediment
samples. TRPH concentrations ranged up to 19,000 mg/kg in the surficial sample collected from
Soil Boring SB-4. The highest concentrations were detected in soil samples collected near the
center of the northern segment of the canal. The deepest occurrence of TRPH was at 38 feet bgs.

• VOCs were detected in two of the 45 soil boring samples, while none of the 49 sediment samples
contained VOCs. VOCs were only detected in samples collected from Soil Boring SB-4. The
highest detected concentrations were toluene at 3 mg/kg, xylenes at 18 mg/kg, and ethylbenzene
at 4 mg/kg. All reported in the surficial sample. The vertical extent of VOCs was limited to 8 feet
bgs in Soil Boring SB-4.

• BNAs were detected in ten of the soil boring samples and in two of the sediment samples. BNA
compounds were generally associated with TRPH, and were detected in only one sample collected
below a depth of 8 feet bgs. This only deep detection was BEP at a depth of 150 feet bgs. BEP
is a commonly introduced in the sample at the laboratory.

• The highest detected concentrations of cadmium (4.3 mg/kg) and zinc (199 mg/kg) do exceed
statistically derived background UTLs and the range of concentrations included in the background
data set. Only three samples contained concentrations of zinc above the background UTL. The
distribution and magnitude of these detections are scattered at various depths and locations across
the site and do not clearly indicate "hot spots" indicative of past operational practices.
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• The OU-1 vadose zone model indicates the highest concentration of modeled constituents that
can be expected at the bottom of the vadose zone is xylenes at 2.93 x 10'24 mg/L. This
concentration is well below laboratory detection limits. Modeling results demonstrate it is
highly unlikely that there will be groundwater impacts as a result of existing conditions at PSC
SD-26.

• All data of known quality were compared to the USEPA PRGs to establish COCs for the site. As
described in Section 3.4, certain site characterization data produced by the ATI Phoenix
laboratory were not used in the COC evaluation because they did not meet stringent data quality
standards.

• As shown on Table 3-30, COCs for surficial soils at PSC SD-26 are TRPH, benzo(a)pyrene,
arsenic, and beryllium. EPCs for average exposure to surface soils are: TRPH at 460 mg/kg,
benzo(a)pyrene at 0.087 mg/kg, arsenic at 4.1 mg/kg, and beryllium at 0.34 mg/kg. EPCs for
RME exposure to surface soils are TRPH at 1,100 mg/kg, benzo(a)pyrene at 0.088 mg/kg, arsenic
at 4.9 mg/kg and beryllium at 0.38 mg/kg.

• As shown on Table 3-31, COCs for combined surface and subsurface soils are also TRPH,
benzo(a)pyrene, arsenic, and beryllium. EPCs for average exposure to combined surface and
subsurface soils are: TRPH at 370 mg/kg, benzo(a)pyrene at 0.087 mg/kg, arsenic at 4.5 mg/kg,
and beryllium at 0.30 mg/kg. EPCs for RME exposure to combined surface and subsurface soils
are TRPH at 870 mg/kg, benzo(a)pyrene at 0.089 mg/kg, arsenic at 5.3 mg/kg and beryllium at
0.34 mg/kg.

• As shown on Table 3-44, the COCs for current groundwater exposure (production well samples)
are bromoform, bromodichloromethane, chloroform, dibromochloromethane, arsenic and fluoride.
EPC concentrations for current average exposure to groundwater are: bromoform, at 0.0021
mg/L; bromodichloromethane at 0.00054 mg/L; chloroform at 0.00030 mg/L;
dibromochloromethane at 0.0013 mg/L, arsenic at 0.0094 mg/L; and fluoride at 1.4 mg/L. EPC
concentrations for current RME exposure to groundwater are: bromoform, at 0.0033 mg/L;
bromodichloromethane at 0.00081 mg/L; chloroform at 0.00038 mg/L; dibromochloromethane
at 0.0021 mg/L, arsenic at 0.012 mg/L; and fluoride at 2.2 mg/L. There are no COCs for future
groundwater exposure because there are no monitoring wells at the site.

Based on the results of the Base-wide Risk Assessment (see Section 3.6), COCs identified at PSC SD-
26 were not present at concentrations high enough to cause adverse health effects under current land use
scenarios (military/industrial) or even in the unlikely event the site is converted to residential usage in the
future. Likewise, results of the vadose zone transport model (see Section 3.6.1.4) show that COCs detected
in the soil will not migrate to the underlying groundwater resources. As a result, there was no need to evaluate
remedial alternatives for PSC SD-26 in the OU-1 FS.
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3.5.21 PSC LF-37 Northeast Landfill

PSC LF-37 is located in the northeast corner of the Base and occupies approximately 11.9 acres

(Figure 3-3). The site is currently unpaved except for the perimeter road. The Base canal and a railroad spur
are located adjacent to the north side of the site. This site was not investigated in any IRP documents or
reports. No previous environmental investigations were performed at this site prior to the OU-1 RI. During
the OU-1 Phase I investigations, a geophysical survey was conducted to determine the extent of the landfill.
Phase II activities consisted a soil gas survey and excavating six test pits. In August 1996, one additional soil
boring was advanced to collect additional VOC and BNA data for risk assessment purposes.

COCs and EPCs identified for soil at PSC LF-37 are summarized in Tables 3-32 and 3-33. The
sample locations where COCs were detected are shown on Figure 3-17. There were no monitoring wells

installed at PSC LF-37, therefore, there are no COCs for future groundwater exposure at this site. The
following bullets summarize the OU-1 RI investigation at PSC LF-37.

• Numerous geophysical anomalies occur across most of PSC LF-37. Most of these anomalies are
interpreted to be associated with buried objects that may be associated with past landfilling or
disposal activities.

• TRPHs were detected in three of the 13 test pit samples, ranging in concentrations from 15 to 540
mg/kg. The highest TRPH concentration (540 mg/kg) was detected in a surficial sample collected
at Test Pit TP-3. Detected TRPH concentrations were limited to 10 feet bgs.

• VOCs and cyanide were not detected in any of the samples collected at the site.

• BNA compounds were detected in three samples, the surficial sample from Test Pit TP-3, and the
surficial and subsurface samples from Soil Boring SB-1. The highest detected BNA compound,
1.2 mg/kg of butylbenzylpthalate, was collected from the surficial sample from Test Pit TP-3.

• The only sample with metals concentrations in excess of the background ranges was collected
from Test Pit TP-4 at a depth of 3-7 feet bgs. The highest concentrations of barium (334 mg/kg),
cadmium (29.5 mg/kg), copper (561 mg/kg), nickel (58.5 mg/kg), lead (597 mg/kg), and zinc
(2,270 mg/kg) were detected in this sample. Several metallic waste materials were noted in this
test pit at this depth.

• Samples collected form Test Pit TP-4 at PSC LF-37 were sampled for asbestos and found to
contain a non-friable form of asbestos-containing material (ACMs). Non-friable asbestos ACMs
are generally not considered a health hazard unless they are subjected to abrasive or damaging
conditions which might release asbestos fibers to the air.
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• The OU-1 vadose zone transport model indicates the highest concentration of modeled
constituents that can be expected to leach to the bottom of the vadose zone is
butyl(benzyl)phthalate at 1.13 x 10"'" mg/L. This concentration is well below laboratory
detection limits. The modeling results demonstrate that it is highly unlikely that there will be
groundwater impacts as a result of existing conditions at PSC LF-37.

• All data of known quality were compared to the USEPA PRGs to establish COCs for the site. As
described in Section 3.4, VOC and BNA data produced by the ATI Phoenix laboratory were not
used in the COC evaluation because they did not meet stringent data quality standards.

• As shown on Table 3-32, COCs for surficial soils at PSC LF-37 are TRPH, benzo(a)pyrene,
arsenic, and beryllium. EPCs for average exposure to surficial soils are TRPH at 140 mg/kg,
benzo(a)pyrene at 0.15 mg/kg, arsenic at 4.3 mg/kg, and beryllium at 0.40 mg/kg. EPCs for RME
exposure to surficial soils are TRPH at 450 mg/kg, benzo(a)pyrene at 0.30 mg/kg, arsenic at 8.5
mg/kg, and beryllium at 0.61 mg/kg.

• As shown on Table 3-33, COCs for combined surface and subsurface soils are TRPH,
benzo(a)pyrene, arsenic, beryllium, and lead. EPCs for average exposure to combined surface and
subsurface soils are TRPH at 52 mg/kg, benzo(a)pyrene at 0.11 mg/kg, arsenic at 5.4 mg/kg,
beryllium at 0.51 mg/kg, and lead at 70 mg/kg. EPCs for RME exposure to combined surface and
subsurface soils are TRPH at 130 mg/kg, benzo(a)pyrene at 0.15 mg/kg, arsenic at 6.9 mg/kg,
beryllium at 0.62 mg/kg, and lead at 160 mg/kg.

• As shown on Table 3-44, the COCs for current groundwater exposure (production well samples)
are bromoform, bromodichloromethane, chloroform, dibromochloromethane, arsenic and fluoride.
EPC concentrations for current average exposure to groundwater are: bromoform, at 0.0021
mg/L; bromodichloromethane at 0.00054 mg/L; chloroform at 0.00030 mg/L;
dibromochloromethane at 0.0013 mg/L, arsenic at 0.0094 mg/L; and fluoride at 1.4 mg/L. EPC
concentrations for current RME exposure to groundwater are: bromoform, at 0.0033 mg/L;
bromodichloromethane at 0.00081 mg/L; chloroform at 0.00038 mg/L; dibromochloromethane
at 0.0021 mg/L, arsenic at 0.012 mg/L; and fluoride at 2.2 mg/L. There are no COCs for future
groundwater exposure because there are no monitoring wells at the site.

Based on the results of the Base-wide Risk Assessment (see Section 3.6), COCs identified at PSC LF-
37 were not present at concentrations high enough to cause adverse health effects under current land use
scenarios (military/industrial) or even in the unlikely event the site is converted to residential usage in the
future. Likewise, results of the vadose zone transport model (see Section 3.6.1.4) show that COCs detected
in the soil will not migrate to the underlying groundwater resources. As a result, there was no need to evaluate
remedial alternatives for PSC LF-37 in the OU-1 FS.
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3.5.22 PSC SD-38 Oil/Water Separator at the Auto Hobbv Shoo

PSC SD-38 is located near the middle of the Base at the northwest corner of "D" Street and 3rd Street
(Figure 3-3). The site consists of the former oil/water separator serving Building 248, the old Base Auto
Hobby Shop. In March 1991, the SD-38 oil/water separator was inspected as part of the RCRA Facilities
Assessment (RFA). It was discovered thatlhis oil/water separator did not have a concrete bottom. This
separator has since been removed. Samples of the sludge from the bottom of the oil/water separator were
submitted for laboratory analysis by the Base. Other than the sludge sampling, no previous investigations or

environmental sampling was performed at this site prior to the OU-1 RI.

PSC SD-38 was originally assigned to the OU-2 investigation. In May of 1992 duringthe OU-2

investigation, three soil borings were advanced and sampled to assess the nature and extent of the impact at
the site. Because OU-2 data indicated a deep soil impact and thus a potential threat to groundwater, the site

was reclassified as an OU-1 PSC. During the OU-1 investigation, three soil borings were advanced and
sampled to further evaluate the vertical and horizontal extent of any impact. A groundwater monitoring well

(MW-117) was also installed and sampled at this time to evaluate groundwater quality at the site. In August
of 1996, one additional boring was advanced and sampled to collect supplemental VOC and BNA data for use
in the risk assessment.

COCs and EPCs identified for soil at PSC SD-38 are summarized in Tables 3-34 and 3-35. COCs and
EPCs identified for groundwater monitoring well samples collected at PSC SD-38 are summarized on Table
3-36. The sample locations where COCs were detected are shown on Figure 3-18. The following bullets
summarize the OU-1 RI investigation at PSC SD-38.

• TRPH was detected in 12 of the 51 soil samples. The highest detected concentration was 58,000
mg/kg in the sample collected directly below the former separator at a depth of 8 feet bgs. The
deepest detection of TRPH (90 mg/kg) was at a depth of 256 feet bgs in Soil Boring SB-5 which
was also drilled through the center of the former separator.

• VOCs detected in the soil beneath the separator included BTEX, TCE, PCE, dichloroethene
(DCE), and acetone. The maximum depth at which'VOCs were detected was 200 feet bgs.
However, all the data with VOC detections did not satisfy data Validation requirements for use in
the risk assessment. As per USEPA guidance, this data is not presented on the occurrence tables
and was not used to determine COCs of EPCs.

• BNA compounds were detected to a maximum depth of 100 feet bgs. The BNA compound
detected in the highest concentration was 2-methyl naphthalene at 25 mg/kg. However, all the
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data with BNA detections did not satisfy validation requirements for use in the risk assessment.
As per USEPA guidance, this data is not presented on the occurrence tables and was not used to
determine COCs or EPCs.
In response to concerns of the quality of the VOC and BNA data produced by the ATI Phoenix
laboratory, the FFA parties determined that one additional soil boring was to be advanced in
August 1996. A total of two additional samples (2 subsurface) were collected. This sampling
occurred after the oil/water separator was excavated and removed. VOCs and BNAs were not
detected in this boring. The depth of the excavation is not known, however, it is assumed that
the impacted soils beneath the separator were removed.

Lead and antimony were the only two metals detected at concentrations above background ranges.
The only samples with elevated metals concentrations were the 6 to 8 feet bgs and 8 to 10 feet bgs
samples collected from directly below the separator in Soil Boring SB-3. These samples also
contained the highest detected concentrations of organic chemicals.

The OU-1 vadose zone transport model indicates the highest concentration of modeled
constituents that can be expected at the bottom of the vadose zone is 1,2 Dichloroethene at 2.61
x 10*: mg/L. This concentration is well below laboratory detection limits. Modeling results
demonstrate it is highly unlikely there will be groundwater impacts as a result of leaching of
existing contaminants at PSC SD-38. It should be noted that although the ATI Phoenix laboratory
data was not used in the risk assessment, it was used in the vadose zone transport model.
The estimated depth to groundwater at the time of installation of the oil/water separator in the late
1950s was approximately 230 feet bgs. Currently, groundwater occurs below the site at
approximately 315 feet bgs. The apparent gradient and direction of groundwater flow is 0.002
foot per feet to the southwest.
None of the seven groundwater samples collected at the site during quarterly sampling contained
detectable concentrations of VOCs or BNA compounds or metals concentrations above their
respective background ranges.

All data of known quality were compared to the USEPA PRGs to establish COCs for the site. As
described in Section 3.4, VOC and BNA data produced by the ATI Phoenix laboratory were not
used in the COC evaluation because they did not meet stringent data quality standards.
As shown on Table 3-34, COCs for surficial soils at PSC SD-38 are arsenic and beryllium. EPCs
for average exposure to surficial soils are arsenic at 7.8 mg/kg and beryllium at 0.47 mg/kg. EPCs
for RME exposure to surficial soils are arsenic at 16 mg/kg and beryllium at 1.2 mg/kg.

As shown on Table 3-35, COCs for combined surface and subsurface soils are TRPH, arsenic,
beryllium, and lead. EPCs for average exposure to combined surface and subsurface soils are
TRPH at 7,700 mg/kg, arsenic at 5.8 mg/kg, beryllium at 0.26 mg/kg, and lead at 54 mg/kg.
EPCs for RME exposure to combined surface and subsurface soils are TRPH at 16,000 mg/kg,
arsenic at 7.8 mg/kg, beryllium at 0.37 mg/kg, and lead at 120 mg/kg.
As shown on Table 3-44, the COCs for current groundwater exposure (production well samples)
are bromoform, bromodichloromethane, chloroform, dibromochloromethane, arsenic and fluoride.
EPC concentrations for current average exposure to groundwater are: bromoform, at 0.0021
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mg/L; bromodichloromethane at 0.00054 mg/L; chloroform at 0.00030 mg/L;
dibromochloromethane at 0.0013 mg/L, arsenic at 0.0094 mg/L; and fluoride at 1.4 mg/L. EPC
concentrations for current RME exposure to groundwater are: bromoform, at 0.0033 mg/L;
bromodichloromethane at 0.00081 mg/L; chloroform at 0.00038 mg/L; dibromochloromethane
at 0.0021 mg/L, arsenic at 0.012 mg/L; and fluoride at 2.2 mg/L.

• As shown on Table 3-36, there are no COCs for future groundwater exposure. Even though
monitoring well samples were collected from the site, none of the samples contained constituents
above the USEPA PRGs, therefore, there were not COCS identified.

Based on the results of the Base-wide Risk Assessment (see Section 3.6), COCs identified at PSC SD-
38 were not present at areas of potential exposure at concentrations high enough to cause adverse health effects
under current land use scenarios. Results of the vadose zone transport model (see Section 3.6.1.4) show that
COCs detected in the soil will not migrate to the underlying groundwater resources. However, the

concentration of TRPH detected below the former oil/water separator could theoretically cause adverse health

affects in unlikely event that PSC SD-38 were developed for residential purposes in the future.

Soil samples collected directly beneath the former oil/water separator at a depth of 8 feet bgs contained
TRPH at a concentration of 58,0000 mg/kg. Because the soils containing elevated concentrations of TRPH

are located at depth, direct exposure is not likely under current land use scenarios. Prolonged exposure to the
TRPH in the subsurface soils could result if the site were developed for residential purposes in the future. As
a protective measure, remedial alternatives were developed for PSC SD-38 in the OU-1 FS.

3.5.23 PSC SD-39 Waste Discharge at Old Lockheed Site

PSC SD-39 consists of two separate areas located near the northern end of the inboard runway (Figure
3-3). According to information obtained during the RFA conducted in March 1991 (Geraghty & Miller,
1993d; AR# 125), the facilities in the area were used by the Base for aircraft ground equipment (AGE)
maintenance prior to 1964. Lockheed Aircraft company occupied the facilities in the area from 1964 to 1982.

Presently, the facilities are occupied by the 405th TPW Maintenance Shop. This site was identified as a PSC

because of the lack of information on the composition and quantity of wastes released. No previous
environmental investigation or sampling was performed at this site prior to the OU-1 RI.

During the OU-1 investigation, seven soil boring were advanced and 37 samples were collected to
determine the dimensions of any impacted areas. In August of 1996, three additional soil borings were drilled
and seven additional samples were collected to supplement the VOC and BNA data for risk assessment
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purposes. The sample locations where COCs were detected are shown on Figure 3-19. COCs and EPCs
identified for soil at PSC SD-39 are summarized in Tables 3-37 and 3-38. There were no monitoring wells
installed at PSC SD-39, therefore, there are no COCs for future groundwater exposure at this site. The
following bullets summarize the OU-1 RI investigation at PSC SD-39.

• TRPH was detected in nine of 37 samples that were analyzed for TRPH. TRPH detections were
generally limited to surficial soils with the exception of Soil Boring SB-3. The maximum depth
at which TRPH was detected was 40 feet bgs in Soil Boring SB-3. The highest detected TRPH
concentrations was 2,000 mg/kg in the surficial sample collected from Soil Boring SB-2.

• VOCs were identified in two of 44 samples that were analyzed for VOC compounds. Both
samples contained 0.9 mg/kg of PCE. This was the only VOC compound that was detected.
VOC compounds were not detected below the depth of 2 feet bgs.

• BNAs were reported in four of the 37 samples that were analyzed for BNA compounds. In
general, BNA compounds were only detected in the surficial samples. The surficial sample
collected from Soil Boring SB-1 contained the highest detected concentrations and most detected
BNA compounds.

• Lead was detected in four surficial samples at concentrations in excess of the background UTL.
The highest detected concentration of lead was 125 mg/kg in the duplicate surficial sample
collected from Soil Boring SB-1. The surficial samples collected from Soil Boring SB-1 also
contained cadmium at concentrations slightly greater than its background UTL. The surficial
samples collected from Soil Borings SB-3 and SB-5 contained lead at 36 mg/kg and 25 mg/kg
respectively.

• The OU-1 vadose zone transport model indicates the highest concentration of modeled
constituents that can be expected at the bottom of the vadose zone is tetrachloroethene (PCE) at
2.68 x 10"* mg/L. This concentration is well below laboratory detection limits. The modeling
results demonstrate that it is highly unlikely that there will be groundwater impacts as a result of
existing conditions at PSC SD-39.

• All data of known quality were compared to the USEPA PRGs to establish COCs for the site. As
described in Section 3.4, VOC and BNA data produced by the ATI Phoenix laboratory were not
used in the COC evaluation because they did not meet stringent data quality standards.

• As shown on Table 3-37, COCs for surficial soils at PSC SD-39 are TRPH and arsenic. EPCs
for average exposure to surficial soils are TRPH at 420 mg/kg and arsenic at 7.4 mg/kg. EPCs
for RME exposure to surficial soils are TRPH at 950 mg/kg and arsenic at 9.2 mg/kg.

• As shown on Table 3-38, COCs for combined surface and subsurface soils are also TRPH and
arsenic. EPCs for average exposure to combined surface and subsurface soils are TRPH at 150
mg/kg and arsenic at 8.0 mg/kg. EPCs for RME exposure to combined surface and subsurface
soils are TRPH at 310 mg/kg and arsenic at 9.3 mg/kg.
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• As shown on Table 3-44, the COCs for current groundwater exposure (production well samples)
are bromoform, bromodichloromethane, chloroform, dibromochloromethane, arsenic and fluoride.
EPC concentrations for current average exposure to groundwater are: bromoform, at 0.0021
mg/L; bromodichloromethane at 0.00054 mg/L; chloroform at 0.00030 mg/L;
dibromochloromethane at 0.0013 mg/L, arsenic at 0.0094 mg/L; and fluoride at 1.4 mg/L. EPC
concentrations for current RME exposure to groundwater are: bromoform, at 0.0033 mg/L;
bromodichloromethane at 0.00081 mg/L; chloroform at 0.00038 mg/L; dibromochloromethane
at 0.0021 mg/L, arsenic at 0.012 mg/L; and fluoride at 2.2 mg/L. There are no COCs for future
groundwater exposure because there are no monitoring wells at the site.

Based on the results of the Base-wide Risk Assessment (see Section 3.6), COCs identified at PSC SD-
39 were not present at concentrations high enough to cause adverse health effects under current land use
scenarios (military/industrial) or even in the unlikely event the site is converted to residential usage in the
future. Likewise, results of the vadose zone transport model (see Section 3.6.1.4) show that COCs detected

in the soil will not migrate to the underlying groundwater resources. As a result, there was no need to evaluate

remedial alternatives for PSC SD-39 in the OU-1 FS.

3.5.24 PSC OT-41 Skeet Range

PSC OT-41 consists of the Base Skeet Range. The site occupies approximately 3.27 acres located
along the western side of the Base near the southern end of the outboard runway in a triangular extension of
the western boundary of the Base (Figure 3-3). The paved west perimeter road comprises 5 percent of the site.
The remainder of the site is desert soil and grass, except for an unlined irrigation canal which passes through
the site. The irrigation canal originates off Base and flows south along the west boundary and exits the Base
to the south. The site was identified as a PSC during the RFA because lead shot from skeet shooting could
potentially enter the canal and could be transported off Base property.

The area where lead shot and broken clay pigeons primarily fall is not within the boundary of PSC OT-
41. Rather, the impact areas for the skeet range is further to the east of the irrigation canal within the

boundaries of PSC LF-25. The boundary of PSC OT-41 was established as such because the irrigation canal
was the point of interest for the investigation, not the impact area.
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During the OU-1 investigation, soil boring samples, sediment samples, and surface water samples were
collected to assess risk, to determine the presence of potential constituents of concern, and to evaluate the

dimensions of any negatively impacted areas. Special focus was placed on assessing whether or not COCs
were migrating off of Base property via the irrigation canal that runs through the site.

Constituents detected in surface soil and sediment are summarized in Tables 3-39 and 3-40,

respectively. The sampling locations where COCs were detected are shown on Figure 3-20. The following
summarizes the OU-1 RI investigation at OT-41.

• Samples collected from three sediment borings contained concentrations of lead slightly in excess
of the background ranges. Both sediment samples collected at SD-2 and SD-4 and the surficial
sample collected from SD-5 contained concentrations of lead in excess of the background UTL
of 22 mg/kg. The surficial sediment sample collected at SD-5 contained the highest concentration
of lead (33 mg/kg). This sample was collected just downstream of the shooting area. However,
sediment samples collected further downstream (SD-6) did not contain elevated concentrations
of lead. Based on these analytical results, it does not appear that lead is being transported off-site
by the irrigation canal which passes through the site.

• Lead was not detected in any of the surface water samples.
• Based on screening against the USEPA Region IX Residential PRGs, there are no COCs for

sediments, surface soils, or combined surface and subsurface soils at PSC OT-41. Detected lead
concentrations were all below the USEPA Region IX residential PRGs which is 400 mg/kg.

• As shown on Table 3-44, the COCs for current groundwater exposure (production well samples)
are bromoform, bromodichloromethane, chloroform, dibromochloromethane, arsenic and fluoride.
EPC concentrations for current average exposure to groundwater are: bromoform, at 0.0021
mg/L; bromodichloromethane at 0.00054 mg/L; chloroform at 0.00030 mg/L;
dibromochloromethane at 0.0013 mg/L, arsenic at 0.0094 mg/L; and fluoride at 1.4 mg/L. EPC
concentrations for current RME exposure to groundwater are: bromoform, at 0.0033 mg/L;
bromodichloromethane at 0.00081 mg/L; chloroform at 0.00038 mg/L; dibromochloromethane
at 0.0021 mg/L, arsenic at 0.012 mg/L; and fluoride at 2.2 mg/L. There are no COCs for future
groundwater exposure because there are no monitoring wells at the site.

Because there are no COCs, there is no risk associated with exposure to the site. As a result, there was

no need to evaluate remedial alternatives for PSC OT-41 in the OU-1 FS.
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3.5.25 PSC SS-42 Bulk Fuels Storage Area

PSC SS-42 consists of a former leaking UST site located within the eastern portion of the bulk fuels
storage area of Luke AFB (Figure 3-3). The leaking UST was part of an oil/water separator system that
received condensate from the two large aboveground fuel tanks, designated as Tanks #351 and #356.

In March 1993, the leak detection system for the oil/water separator UST sounded, indicating a release
had occurred. According to Base personnel, unusually heavy rains caused the soil around the UST to settle.
The settling apparently caused the fill line to dislodge from the tank. In response, the oil/water separator and

fiberglass UST were removed from service and excavated. In September 1993, a new oil/water separator with
an aboveground storage tank was installed approximately 150 feet to the southwest of the original oil/water

separator system location.

Environmental investigations in response to the release from the oil/water separator UST began in

March 1993. Environmental Engineering Consultants, Inc. (EEC) conducted the initial investigations. From
March through July 1993, EEC advanced seven soil borings (UST-1 through UST-7) adjacent to the oil/water
separator and leaking UST. The results of the EEC investigation were documented in a report entitled Report

on Subsurface Soil Investigation, Luke Air Force Base, Building 351 (EEC, 1993). Several of the borings
advanced to define the horizontal extent of the impact contained detections of TRPH and benzene, toluene,
ethylbenzene, and total xylenes in samples collected at depths between 70 feet and 160 feet bgs. Because of
these unexpected detections, the horizontal extent of the impact was not defined by the seven borings advanced
by EEC.

After review of the EEC data, the FFA parties added this site as a PSC in the CERCLA investigation.
Because of the depth of the impact and magnitude of the release, the FFA parties agreed that additional
investigations were warranted because of the potential for groundwater impact. Base-wide groundwater quality
is one of the primary elements of the OU-1 RI; therefore, PSC SS-42 was assigned to OU-1 in August 1993.

The objectives of the RI at PSC SS-42 were to define the horizontal extent of the impact detected at
the former oil/water separator UST, identify other potential sources of contamination at the site, and to assess

the groundwater quality. Initial activities included conducting a geophysical survey to identify underground

lines and utilities. A soil-gas scan was also conducted to assess the integrity of the underground distribution
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system and identify other potential sources of contamination. Sixteen soil borings were advanced and sampled
to determine the horizontal and vertical extent of the impacts identified at the site. Four groundwater
monitoring wells (MW-119 through MW-121, and MW-125) were also installed and sampled to evaluate the
groundwater quality.

Following completion of the OU-1 Phase II investigation, a bioventing treatability study was
conducted at the site to determine the effectiveness of bioventing as a remedial alternative. The interim results
of the bioventing treatability study are provided in Bioventing Treatability Field Study, Soil Permeability and

In-Situ Respiration Test Results, Analysis and Recommendations, PSC SS-42, Luke Air Force Base, Arizona.
(Geraghty & Miller, Inc., 1996c; AR# 178). Initial results of the study indicated that bioremediation rates were
slow, but the soil was permeable enough to effectively implement a SVE test.

In August 1996, the Base initiated a SVE removal action at PSC SS-42. A highly modified internal
combustion engine (ICE) is being used to draw contaminated vapors from the ground. This SVE treatability
study testing is currently ongoing, and the results are discussed in Section 2.5.1.6 of the OU-1 FS report.

COCs and EPCs identified for soil at PSC SS-42 are summarized in Tables 3-41 and 3-42. COCs and
EPCs identified for groundwater monitoring well samples collected at PSC SS-42 are summarized on Table
3-43. The sample locations where COCs were detected are shown on Figure 3-21. The following bullets
summarize the OU-1 RI investigation at PSC SS-42.

• The soil gas scan at PSC SS-42 included collecting soil gas samples at 100 locations, 72 shallow
and 28 deep points. Samples were collected and analyzed for total volatile petroleum
hydrocarbons (TVPH) and VOCs. Three areas showed the highest concentrations of VOCs and
TVPH: 1) in the vicinity of the former oil/water separator and UST system, 2) the valves and
piping located south of Tank #356, and 3) at the northern end of the abandoned hydrant system
located along the eastern side of the site.

• The highest concentrations of organic constituents were detected in soil samples collected at the
former UST location in Soil Boring SB-2. The highest concentration of Total Petroleum
Hydrocarbons (TPH) by EPA Method 8015 was 33,900 mg/kg at a depth of 70 feet bgs. BTEX
compounds were also detected at their highest concentrations at this depth. The deepest sample
with detectable TPH was collected at 300 feet bgs in Soil Boring SB-2. The deepest soil sample
with detectable BTEX compounds was collected at a depth of 160 feet bgs.
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The impact at the valve cluster for Tank #356 was defined with Soil Boring SB-4. The highest
detected TPH concentration was 9,000 mg/kg in the surficial sample. The detected TPH
concentrations decreased with increasing depth, and TPH was not detected below the depth of 30
feet. BTEX was only detected in samples collected above 20 feet bgs at this area.
The third area with hydrocarbon impacts were at the northern end of the abandoned hydrant
system. Soil Boring SB-13 was used to define this area. The highest detected concentration of
TPH was 8,800 mg/kg. TPH was detected to depths of 70 feet bgs in this area. BTEX
compounds were only detected in the sample collected at a depth of 8 feet bgs.
Based on current water level measurements, the direction of groundwater flow beneath the site
is to the southwest. The approximate depth to groundwater is currently 310 feet bgs.
The OU-1 vadose zone transport model indicates the conditions required to achieve current
concentrations are recharge rates of 10 inches per year or greater, and a half-life of 7 or more
years. This is based on sensitivity analyses that indicate that, given the appropriate conditions,
free product introduced into the system in the early 1950s could be the source of constituents
observed in the vadose zone in the vicinity of the oil/water separator. Given these conditions and
the fact that constituents are currently found at 300 feet bgs, it is very likely that contamination
within the vadose zone will reach groundwater if left untreated.

Groundwater quality at PSC SS-42 was assessed by sampling Monitoring Wells MW-119, MW-
120, MW-121, and MW-125 during quarterly Base-Wide groundwater sampling.
TPH was detected in three monitoring wells at the site (MW-119, MW-121, and MW-125). TPH
was detected in MW-119 in February 1996 and again in May 1996. In July of 1997, TPH was
detected in monitoring wells MW-121 and MW-125. The highest detected concentration of TPH
was 970 mg/L in the sample collected at MW-121 in July of 1997. Monitoring well MW-121 is
located at the point of the release.
Prior to July of 1997, the only VOC compound detected in groundwater samples was
dichloropropane (DCP) at a maximum concentration of 2 ug/L. DCP is a common component
of insecticides typically used for agricultural purposes. DCP has been detected in groundwater
samples collected on five different occasions from August 1993 through July 1997. DCP has
been detected on at least one occasion in each of the four monitoring wells at the site.
In July of 1997, BTEX compounds were detected for the first time in monitoring well MW-121.
This was the only other detection of VOC compounds other than DCP. Benzene was detected at
a concentration of 1.8 ug/L, toluene at 6.3 ug/L, ethylbenzene at 4.4 ug/L, and xylenes were
detected at 12 ug/L. All of these concentrations are below the USEPA PRGs, and therefore, these
compounds are not considered COCs.
The concentration of total chromium in the groundwater samples (primary and duplicate) collected
from Monitoring Well MW-119 in the fourth quarter of 1993 did exceed the background range
of 0.12 mg/L. The primary sample contained 3.84 mg/L and the duplicate sample contained 1.64
mg/L. The detected concentrations (3.84 mg/L and 1.64 mg/L) were an order of magnitude
greater than any of the other detected concentrations of total chrom ium detected during Base-wide
groundwater sampling. Notations on sampling logs indicated that these samples were turbid.
Both of these samples were qualified as "J/estimated" values.
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• All data of known quality were compared to the USEPA PRGs to establish COCs for the site. As
described in Section 3.4, certain site characterization data produced by the ATI Phoenix
laboratory were not used in the COC evaluation because they did not meet stringent data quality
standards.

• As shown on Table 3-41, COCs for surficial soils at PSC SS-42 are TPH and
benzo(b)fluoranthene. EPCs for average exposure to surficial soils at PSC SS-42 are TPH at 680
mg/kg and benzo(b)fluoranthene at 1.1 mg/kg. EPCs for RME exposure to surficial soils are TPH
at 1,800 mg/kg and benzo(b)fluoranthene at 1.4 mg/kg.

• As shown on Table 3-42, COCs for combined surface and subsurface soils at PSC SS-42 are also
TPH and benzo(b)fluoranthene. EPCs for average exposure to combined surface and subsurface
soils are TPH at 780 mg/kg and benzo(b)fluoranthene at 1.1 mg/kg. EPCs for RME exposure to
combined surface and subsurface soils are TPH at 1,500 mg/kg and benzo(b)fluoranthene at 1.4
mg/kg.

• As shown on Table 3-43, COCs for future groundwater exposure are arsenic and chromium.
However, chromium is included as a COC for groundwater because of elevated concentrations
of total chromium in samples collected from Monitoring Well MW-119 during one sampling
event. These samples (primary and duplicate) were turbid and not representative of naturally
occurring concentrations. EPCs for future average exposure to groundwater are arsenic at 0.0031
mg/L and chromium at 0.61 mg/L. EPCs for future RME exposure to groundwater are arsenic
at 0.0044 mg/L and chromium at 1.7 mg/L.

• As shown on Table 3-44, the COCs for current groundwater exposure (production well samples)
are bromoform, bromodichloromethane, chloroform, dibromochloromethane, arsenic and fluoride.
EPC concentrations for current average exposure to groundwater are: bromoform, at 0.0021
mg/L; bromodichloromethane at 0.00054 mg/L; chloroform at 0.00030 mg/L;
dibromochloromethane at 0.0013 mg/L, arsenic at 0.0094 mg/L; and fluoride at 1.4 mg/L. EPC
concentrations for current RME exposure to groundwater are: bromoform, at 0.0033 mg/L;
bromodichloromethane at 0.00081 mg/L; chloroform at 0.00038 mg/L; dibromochloromethane
at 0.0021 mg/L, arsenic at 0.012 mg/L; and fluoride at 2.2 mg/L.

Based on the results of the Base-wide Risk Assessment (see Section 3.6), COCs identified at PSC SS-
42 were not present at areas of potential exposure at concentrations high enough to cause adverse health effects
under current land use scenarios or even under residential use scenarios. However, results of the vadose zone

transport model (see Section 3.6.1.4) show that petroleum related contaminants (TPH and BTEX) detected in

the soil at PSC SS-42 could migrate to the underlying groundwater resources. Monitoring well sampling
indicates that the groundwater is not currently impacted at levels which would warrant groundwater clean up.
However, modeling shows that leaching of TPH and BTEX from the soil to the groundwater could occur. As
a protective measure, remedial alternatives were developed for the soils at PSC SS-42 in the OU-1 FS.



FINAL OU-1 ROD
Luke AFB, Arizona

20 January 1999
Page 3-64

3.6 HUMAN HEALTH AND ECOLOGICAL RISK ASSESSMENT

Potential threats to human health and the environment associated with exposure to the detected COCs
were evaluated as part of the Base-wide risk assessment. Detailed descriptions of the methodology, findings,
and conclusions of the Base-wide Risk Assessment are presented in Remedial Investigation Report, Appendix
B, Baseline Base-wide Risk Assessment, Luke Air Force Base, Arizona, (Geraghty & Miller, Inc., 1997b;
ARE# 191,192). The following sections can only briefly summarize the methods and results of this evaluation.

3.6.1 Human Health Risk Assessment

The methodology used for the human health portion of the Base-wide risk assessment was developed
based on criteria established by the USEPA for conducting risk assessments at Superfund sites (USEPA,

1989b,c,d,e; USEPA, 199la). The following sections briefly summarize the methodology used in the
evaluation of human health risks associated with exposure to the COCs detected at each of the OU-1 PSCs.

3.6.1.1 Site Characterization

Historic and current land use information for each PSC was used to assess the fate and transport of
the COCs after being released to the environment. Land use information was also used to develop possible
exposure scenarios. A discussion of historic and current land use for Luke AFB can be found in Section 3.1
of this document. Historic and current land uses at each of the OU-1 PSCs can be found on a site-by-site basis

in Section 3.5.1 through 3.5.25.

3.6.1.2 Occurrence of Constituents

The identification of the occurrence of COCs in soil was based on the analytical results of samples
collected from 1991 through 1996 during the OU-1 RI. Other data included in the Base-wide risk assessment
were collected in 1989 during pre-remediation soil sampling conducted at PSC FT-07E by EA Engineering
and data collected in 1993 from PSC SS-42 by EEC.

Monitoring well data collected by Geraghty & Miller from 1991 through 1996 along with production
well data collected by Luke AFB personnel from 1994 through 1996 were used to identify the occurrence of

constituents in groundwater. The results of an ambient air monitoring program conducted in 1991, during the
OU-1 RI, were used to represent the occurrence of constituents in ambient air.



FINAL OU-1 ROD
Luke AFB, Arizona

20 January 1999
Page 3-65

Only data of known quality were selected for use in the risk assessment. As previously discussed in
Section 3.4, VOC and SNA data produced by the ATI Phoenix laboratory were not used in the identification
of the occurrence of COCs. All data of known quality were tabulated in occurrence tables which summarize
the constituents that were detected, the frequency of detection, range of concentrations, the average
concentration, and the 95 percent upper confidence level (UCL).

For purposes of the exposure assessment, soil data were reduced and classified as either surficial (0
to 2 feet bgs), combined surface and subsurface (0 to 16 feet bgs), and deep (16 feet bgs and greater).
Occurrence tables for the surface soil, combined surface and subsurface soil, groundwater, and surface water
and sediment samples (as applicable) are grouped by PSC and presented as Tables 3-1 through 3-43. The
occurrence tables for production well groundwater samples are presented as Table 3-44. Occurrence tables
for ambient air are presented as Tables 3-45 and 3-46.

3.6.1.3 Selection of COCs

As described in Section 3.5, COCs were selected by comparing the highest detected concentration of
a constituent to the USEPA Region IX PRGs for unrestricted (e.g. residential) land use (USEPA, 1996).

Constituents detected in soil or groundwater at maximum concentrations below the respective PRGs were not
retained as COCs. This method of determining COCs is both protective and conservative because the sampling
locations were biased to areas of suspected contamination.

For each of the sites, soil samples were collected and analyzed to determine COCs in soil. As part of

the evaluation process, the soil sampling data were first categorized by depth. Depths ranges consisted of

surficial (0 to 2 feet bgs), combined surface and subsurface (0 to 16 feet bgs), and deep (>16 feet bgs). After

sorting the soil data by depth, the data were compared to the USEPA Region IX PRGs for unrestricted land
use. Analytes detected at a concentration in excess of the USEPA PRGs were identified as COCs.

Monitoring well sampling results were evaluated to determine COCs for future groundwater exposure.
Monitoring well sampling data were first grouped by PSC. The results were then compared to the USEPA
PRGs to identify COCs. If during any of the sampling events an analyte was detected at a concentration above
the USEPA PRGs in any of the monitoring wells at a PSC, that analyte became a COC for the entire site.
Monitoring well sampling data were used in the evaluation of future risks and not in the evaluation of current
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risks because groundwater is not currently being pumped from any of the monitoring wells, and therefore, there
is no current exposure to groundwater from the monitoring wells.

Samples of the groundwater pumped from the production wells were collected, analyzed, and

compared to the USEPA Region IX PRGs to determine COCs for use in the evaluation of risks associated with
current groundwater exposure at Luke AFB. Because Base workers, military personnel, and other potential
receptors would be exposed to the same groundwater regardless of where on Base they would be working,
COCs identified for current groundwater exposure are the same for all sites.

Identification of COCs in ambient air involved a two step process. First, ambient air samples were
collected at various locations in and near the PSCs. The sources of the constituents detected in the air samples
were assumed to be the soil, sediments, and surface waters of the various PSCs. Constituents which were
detected in the air samples but were not detected in any of the samples from the other media are unlikely to
be related to the PSCs and were not evaluated further. As the second part of the process, constituents which
were detected in either the soil, sediment, or surface water samples and also in the air samples were screened
against the USEPA Region IX PRGs for Unrestricted Land Use.

In general, COCs evaluated in the human health risk assessment for soils include BNAs, TRPH, TPH,
PCBs, and metals. COCs in groundwater include VOCs and metals. No COCs were identified in ambient air.
A summary of the COCs detected in soil and groundwater at individual PSCs is provided in Sections 3.5.1
through 3.5.25 of this document.

3.6.1.4 Fate and Transport of COCs

The fate and transport of COCs after release into the environment was evaluated for each PSC.
Mobility of a constituent is dependant on the physical and chemical properties of the constituent and
characteristics of the surrounding environment. The fate and transport of the COCs in soil and groundwater
is a key component in the exposure assessment process because it assists in determining how a receptor could
potentially come into contact with a COC. In general, the COCs identified in soil are non-soluble which limits
their movement in soil and potential for leaching to groundwater.
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Vadose zone transport modeling was conducted at each of the PSCs to assess whether the constituents
detected in the soils and sediments could eventually leach to the groundwater, and if so, to predict the
concentrations of the constituents at that point. The computer model MULTIMED was used to simulate solute
transport in the vadose zone at Luke AFB. MULTIMED is a publicly available computer code developed for
the USEPA to simulate one-dimensional vertical flow and transport of soil water in the unsaturated (vadose)
zone. Transport processes simulated by MULTIMED include dispersion, adsorption, and first-order decay.
Whenever possible, site specific data were used to determine the hydraulic parameters, and transport

parameters. In the absence of site specific data, model parameters were estimated from available literature.
A conservative approach was employed to predict defensible maximum constituent concentrations.

With the exception of SS-42, the modeling results demonstrate that it is highly unlikely that there will
be future groundwater impact as a result of leaching of the contaminants in the soils and sediments at Luke
AFB. The climate, high evaporation rate, the presence of only moderately permeable soils, thickness of the
vadose zone (greater than 140 ft to 300 ft), low observed soil concentrations, and relatively short half-lives of
the detected COCs all contribute to the low potential for ground-water impacts resulting from soil
contamination at Luke AFB. The results of the modeling analysis at PSC SS-42 indicate that it is probable
that petroleum related contaminants (TPH and BTEX) within the vadose zone could reach the water table
assuming a recharge rate of at least 10 inches per year and a half-life of 7 years or more.

3.6.1.5 Toxicity Assessment

The toxicity assessment identified the primary health effects associated with the COCs and presented
the carcinogenic and noncarcinogenic toxicity values used to estimate risk. Cancer slope factors (CSFs) have
been developed by USEPA's Carcinogenic Exposure Assessment Group for estimating lifetime cancer risks
associated with exposure to potentially carcinogenic chemicals. As discussed below in Section 3.6.1.7, CSFs
which are expressed in units of kilogram-day per milligram (kg-day/mg), are multiplied by the estimated intake
of a potential carcinogen, in milligrams per kilogram day (mg/kg-day) to provide an upper bound estimate of
the excess lifetime cancer risk associated with exposure at that intake level. The term "upper bound" reflects
the conservative estimate of the risks calculated from the CSF. Use of this approach makes under estimation
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of the actual cancer risk highly unlikely. Cancer slope factors are derived from the results of human
epidemiological studies or chronic animal bioassays to which animal-to-human extrapolation and uncertainty

factors have been applied.

Reference doses (RfDs) have been developed for the USEPA for indicating the potential adverse
health effects from exposure to chemicals exhibiting noncarcinogenic effects. RfDs represent "safe levels"
below which there would be no adverse health effects. RfDs, which are expressed in units of mg/kg-day, are
estimates of lifetime daily exposure levels for humans, including sensitive individuals. Estimated intakes of
chemicals from environmental media (e.g., the amount of chemical ingested from contaminated drinking water)
can be compared to the RfD. RfDs are derived from human epidemiological studies or animal studies to which
uncertainty factors have been applied (e.g., to account for the use of animal data to predict effects on humans).

These uncertainty factors help ensure that the RfDs will not underestimate the potential for adverse

noncarcinogenic effects to occur.

3.6.1.5.1 Toxicity Values

In the Base-wide risk assessment, CSFs, cancer classifications, RfDs, and reference concentrations
(RfCs) were taken from the USEPA Region IX PRGs (1996). If toxicity values were not available in the
Region IX PRO document, the toxicity values were taken from Integrated Risk Information System (IRIS)
(1996) or, in the absence of IRIS data, the USEPA Health Effects Assessment Summary Tables (HEAST)
(USEPA, 1995a) or other sources. Because toxicity values for dermal exposure are rarely available
(appropriate toxicity data are scarce), the oral RfD and CSF are adjusted to an absorbed dose, using the

constituent-specific oral absorption efficiency, as recommended by the USEPA (1989b), to derive an adjusted
RfD and CSF to assess dermal exposure. Constituent-specific absorption efficiencies (both oral and dermal)
for organic COCs are provided in Table 3-47. RfDs for the COCs are presented in Table 3-48. CSFs, cancer
type or tumor sites, and carcinogen classifications for the COCs at the site are presented in Table 3-49.

3.6.1.6 Conceptual Site Model

During the final step of the exposure assessment process, conceptual site models were developed for

each of the PSCs. The conceptual site model includes identification of contaminant sources and points of
release to the environment, exposure pathways, exposure points, and potential receptors. Exposure can only
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occur when a receptor can directly contact released contaminants or when there is a mechanism for the released
contaminants to be transported to a receptor. Without exposure, there is no risk; therefore, the exposure
assessment is one of the key elements of a risk assessment. Conceptual site models for soil exposure are shown
on Figures 3-20 through 3-36. Conceptual site models for groundwater exposure are shown on Figures 3-36
and 3-37.

3.6.1.6.1 Exposure Pathways and Potential Receptors

Exposure pathways and potential receptors were identified for both soil and groundwater at each OU-1
PSC. Exposure point concentrations (EPCs) were then calculated for use in the evaluation. The USEPA
defines the EPC as the concentration of a contaminant occurring at a location of potential contact. EPCs were
calculated for groundwater, air, surficial soils (0 to 2 feet bgs), and combined surface and subsurface soils (0
to 16 feet bgs). Potential receptors are not typically exposed to soils below the depth of 16 feet, therefore, deep
soils (>16 feet bgs) data were only used in the vadose zone transport model (see Section 3.6.1.4).

In accordance with USEPA guidance (USEPA, 1989d), both average and reasonable maximum
exposure (RME) doses were calculated for the potential receptors for each of the identified exposure pathways.
The RME approach is suggested by the USEPA (USEPA, 1989b) to provide a reasonable estimate of the
maximum exposure (and therefore risk) that might occur. The RME corresponds to a duration and frequency
of exposure greater than is expected to occur on an average basis.

Medium-specific arithmetic average concentrations for each of the COCs were used as the EPC to
estimate average exposure conditions. The 95 percent UCLs on the arithmetic average concentrations were
used as EPCs to estimate the RME. The EPCs are determined from the site data and are the concentrations
used with exposure assumptions to estimate exposure doses. Both the UCLs and arithmetic averages for each
of the COCs at each PSC can be found on Tables 3-1 through 3-43. Exposure assumptions for soil and
groundwater exposures are included on Tables 3-50 and 3-51, respectively.

3.6.1.6.1.1 Soil, Sediment, and Surfacewater

Based on an evaluation of current conditions at the OU-1 PSCs, civilian employees at Luke AFB (Base
workers) were identified as the most probable receptors for current or future exposure to soils at all OU-1
PSCs. The potential also exists for military personnel to be periodically exposed to soils at the following
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PSCs: RW-02, DP-13, SD-39, and SS-42. Exposure pathways evaluated include ingestion, dermal contact,
and dust inhalation.

A portion of PSCs SD-20, SD-21, SD-26, and OT-41 include canals. Because the canals extend
beyond the Base fence line, the potential exists for the sensitive public receptors (e.g. children) to be exposed

to soils and sediments in the canals. PSCs SD-21 and OT-41 are the only canals that typically contain water.
Thus, the potential exists for exposure to potentially impacted surfacewater. Exposure pathways evaluated for
surfacewater include incidental ingestion and dermal contact through wading. Exposure pathways evaluated
for PSCs SD-20 and SD-26, having only dry canal beds, include ingestion, dermal contact, and dust inhalation.

Future exposure pathways evaluated as part of the Base-wide risk assessment include all of the

scenarios discussed above plus hypothetical future excavation worker exposure to subsurface soil via ingestion,

dermal contact, and dust inhalation. Hypothetical future excavation worker exposure was valuated at all OU-1
PSCs except for PSCs SD-20, SD-21, SD-26, and OT-41.

Although it is unlikely that the active portions of Luke AFB will be used for residential purposes in
the future, risks from hypothetical residential exposure to surface and subsurface soil via ingestion, dermal
contact, and dust inhalation were evaluated. This evaluation was completed to determine whether the PSCs
at Luke AFB are suitable for unrestricted or residential land use at some time in the future.

3.6.1.6.1.2 Groundwater

Based on an evaluation of current and hypothetical future conditions, Base workers involved in general
maintenance activities at the OU-1 PSCs could potentially be exposed to constituents in groundwater via
ingestion and dermal contact. Military personnel could be exposed during general daily activities at the Base
via both dermal contact and ingestion. Base residents could also be exposed to groundwater via ingestion,

dermal contact, and inhalation (steam while showering) during normal daily activities.

Production well data were used to evaluate current risks associated with exposure to groundwater at
the Base. Hypothetical future risks associated with exposure to groundwater were calculated using data from
the PSCs with associated monitoring wells. For the purposes of the risk assessment, monitoring-well data were

assumed to be indicative of hypothetical future concentrations in the production wells.
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3.6.1.7 Risk Characterization

Quantitative risk estimates were calculated for all current and future exposure pathways (except future
residential) for both average and RME exposure doses. Table 3-52 summarizes risks for current average
exposure while Table 3-53 summarizes risks for current RME exposure. Table 3-54 summarizes risks for
hypothetical future exposure using average exposure doses, and Table 3-55 summarize future risks using the
RME scenario. The risk characterization results are discussed in Section 3.6.1.7.4.

The risk estimates were calculated separately for carcinogenic and noncarcinogenic effects.
Carcinogenic risks are reported as an excess lifetime cancer risk (ELCR) and the noncarcinogenic risks are
reported as a hazard index (HI). ELCRs are determined by multiplying the intake level, or exposure dose, with
the CSF. These risks are probabilities that are generally expressed in scientific notation (e.g., 1 x 10"6 or IE-6).
An ELCR of Ix 10"6 indicates that, as a plausible upper bound, an individual has a one in one million chance
of developing cancer as a result of the site-related exposure to a carcinogen over a 70 year lifetime under the
specific exposure conditions at a site.

Potential concern for noncarcinogenic effects of a single contaminant in a single medium is expressed
as the hazard quotient (HQ) (or the ratio of the estimated intake derived from the contaminant concentration
in a given medium to the contaminant's RfD). By adding the HQs for all contaminants within a medium or
across all media to which a given population may reasonably be exposed, the HI can be generated. The HI
provides a useful reference point for gauging the potential significance of multiple contaminant exposures
within a single medium or across media.

There are three notable exceptions to the risk assessment methodology described above. The first

exception pertains to the evaluation of background concentrations of metals. Arsenic and beryllium were
generally only detected at background levels but were identified as COCs because their naturally occurring
concentration was greater than the USEPA Region IX PRGs. A discussion on the methodology for evaluating
background metals concentrations is provided as Section 3.6.1.7.1. Secondly, the methodology used for
calculating future residential risk was different from the methodology described above. The methodology for
conducting the future residential risk assessment is discussed in Section 3.6.1.7.2. Lastly, because there are

no toxicological values for lead, risks for lead exposure were evaluated differently. A discussion on the

evaluation of exposure to lead is provided in Section 3.6.1.7.3.
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3.6.1.7.1 Background Metals

Arsenic and beryllium were generally only detected at naturally occurring background levels and are
likely not present as a results of Base activities. They were however, conservatively retained as COCs because
their maximum detected concentrations exceeded the USEPA Region IX PRGs for unrestricted land use. Risks

associated with average and reasonable maximum exposures to naturally occurring arsenic and beryllium in
soil and arsenic in groundwater were calculated using the exposure assumptions for each applicable exposure
pathway, the mean (for average exposures) and 95th percent upper tolerance limit (for RME) calculated for

site-specific background samples, and appropriate toxicity data. These risks were subtracted from the total
risks at each OU-1 PSC. The resulting risk is then considered to be the actual risk potentially related to
activities at Luke AFB. The results of these calculations are shown on Tables 3-52 through 3-55.

Although several other metals detected in soil and groundwater at background concentrations were
also carried through the risk assessment, only risks posed by potential exposure to naturally-occurring arsenic

and beryllium were evaluated separately since arsenic and beryllium contribute most significantly to risks.

As shown on Tables 3-52 through 3-55, the actual risks attributable to Luke AFB activities (i.e.
resulting risk after "background influences" are factored out of the equations) would be a negative number in
several instances. This was because the "background influences" were calculated using the average
concentrations of arsenic and beryllium in soil and arsenic in the groundwater as reported in the background

data set. For several sites, arsenic and beryllium were detected at concentrations below the average of the
background data set, but still at levels above the USEPA PRGs. Thus, arsenic and beryllium were retained
as COCs. If no other COCs were present or if other COCs were present but did not contribute significantly
to the risk level, a negative number would result if risks associated with average background levels were
subtracted. Rather than reporting a negative number, the term "negligible" was used.

3.6.1.7.2 Future Residential Exposure

It is unlikely that the active portions of Luke AFB will ever be used for residential purposes in the
future. Nevertheless, the regulatory agencies required an assessment of risks for hypothetical residential
exposure at each of the PSCs. This evaluation was completed to determine whether the current conditions of
the PSCs are suitable for unrestricted or residential land use at some time in the future. The evaluation of risks
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to potential future residents at each of the PSCs was presented in "Appendix J" of the Base-wide Risk
Assessment Report (Geraghry & Miller, Inc., 1997).

Because the residential risk evaluation assesses hypothetical future exposures, default exposure

assumptions must be used. Because those same default exposure assumptions are also used in the
establishment of regulatory guidance levels, the FFA parties determined that future residential risks could be

calculated using a ratio calculation (USEPA, 1995).

The ratio incorporates the EPC calculated for RME exposure to a COC in combined surface and
subsurface soils in the top half of the equation and a risk-based regulatory cleanup level in the bottom half of
the equation. Ratio calculations were conducted with each of the COCs detected at a site to provide both an
ELCR and non-cancer hazard quotient (HQ). The individual ELCRs and HQs calculated for each of the

COCs were then summed to provide a total ELCR and HI at that site. A site was considered acceptable for
residential land use if the total site ELCR was less than or equal to 1 x 10"* and the HI was less than or equal
to 1. Similar to the industrial risk assessment calculations, risks associated with exposure to background
concentrations of arsenic and beryllium were calculated separately and then factored out of the total site risk.

Both the ADEQ proposed soil remediation levels (SRLs) and the USEPA Region IX PRGs were used
in the residential exposure evaluation. As an initial step, the USEPA PRGs were used in the bottom half of

the equation. Because the USEPA PRGs are not enforceable standards, they were only used to determine

which sites required further evaluation. Sites that contained ELCRs or His over the guidance levels using
the USEPA PRGs were further evaluated using the ADEQ SRLs during the second and final step of the

residential risk assessment. A summary of the future residential risk calculations using the ADEQ SRLs are

provided on Table 3-56.

3.6.1.7.3 Risk Characterization For Lead

Lead was identified as a COC in soils, sediment, or surface water at PSCs RW-02, LF-03, DP-13, LF-
25, LF-37, and SD-38. Lead was identified as a COC in groundwater in the monitoring wells at PSCs RW-02,
SD-20, SD-21, DP-05, FT-06, FT-07E, and ST-18. Because RfDs or CSFs are not currently available for lead,
it is not possible to evaluate the risks associated with lead exposure using conventional risk assessment
methods. The USEPA Integrated Exposure Uptake Biokinetic (IEUBK) model (LEAD0.99) (USEPA, 1994a)
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was used as a conservative method to evaluate the potential for adverse health effects of a hypothetical
population (children up to 7 years old) associated with exposure to lead in groundwater, soil, sediment, and
surface water at these PSCs . The results are shown in Tables 3-57 and 3-58 for exposure to surficial and

combined surface and subsurface soil, respectively and in Table 3-59 for groundwater.

3.6.1.7.4 Risk Characterization Results

Risks for the exposure pathways identified in the Conceptual Site Model Section were calculated using
the various methodologies described above. The risk characterization results are briefly summarized below.
Detailed descriptions of the findings and conclusions are presented in Remedial Investigation Report, Appendix
B, Base-wide Risk Assessment, Luke Air Force Base, Arizona, (Geraghty & Miller, Inc., 1997b; AR#191,192).

3.6.1.7.4.1 Current and Future Exposure At Luke AFB

Current and hypothetical future risks calculated for exposure to the PSCs are summarized in Tables

3-52 through 3-55. Table 3-52 summarizes risks for current average exposure, while Table 3-53 summarizes
risks for current RME exposure. Table 3-54 summarizes risks for hypothetical future exposure using average
exposure doses, and Table 3-55 summarize future risks using the RME scenario.

With the exception of naturally occurring risks associated with a Base resident's exposure to
production well water, all current and future risks associated with average exposures are within or below the
USEPA risk-based general guidance goals (ELCR within or below the general guidance range of 10"* to 10"6;
HI equal to or below 1.0) (USEPA, 1991b). The HI calculated for a Base resident average exposure to
production well water is 2. The elevated HI can be directly attributed to arsenic and fluoride detected in
production well samples at background concentrations. After risks associated with background concentrations

of arsenic are removed, the HI drops to 1.

All current and hypothetical future risks associated with RME type exposure are within or below the

USEPA risk-based general guidance goals, with these exceptions. An elevated HI of 3 was calculated for an
excavation worker's exposure to surface and subsurface soil at PSC LF-25. An elevated HI of 2 was calculated
for a Base resident's exposure to groundwater at RW-02 and SD-20. Elevated His were calculated for future

Base workers, Military Personal, and Base resident exposure to groundwater at PSC SS-42.
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Antimony is the primary contributor to the elevated HI of 3 at PSC LF-25. Antimony was detected at
a concentration of 368 mg/kg in the 2 foot bgs sample from Test Pit TP-11. All other antimony concentrations
in the surface and subsurface soil samples from PSC LF-25 were below their respective detection limits. Metal
shot, containing antimony, originating from the skeet range at OT-41 frequently lands at LF-25. The elevated
detection of antimony in Test Pit TP-11 can likely be attributed to the metal shot. Without antimony, the RME
HI for a hypothetical future excavation worker would be 0.08.

An HI of 2 was calculated for reasonable maximum exposure of a future Base resident to groundwater
at PSCs RW-02 and SD-20. The elevated HI can be attributed to arsenic and fluoride which are present in the
monitoring wells at background concentrations. After risks from background concentrations of arsenic are
removed, the His become negligible (See Section 3.6.1.7.1 for use of the term 'negligible').

The His calculated for RME exposure of hypothetical future Base workers, military personnel, and
Base residents to groundwater at PSC SS-42 are 8,2, and 6, respectively. The HQ for chromium is the primary
contributor to the risk. Sediment in one unfiltered sample most likely caused this elevated chromium EPC.
That one particular sample was visibly turbid and contained sediment. Chromium was not detected in the
paired sample that was filtered. When the one anomalous sample is removed from the calculations, the HI for
each of the receptors is less than one.

3.6.1.7.4.2 Future Residential Exposure

Risk associated with hypothetical future residential exposure to combined surface and subsurface soil
are shown on Table 3-56. All of the PSCs evaluated were determined to be suitable for unrestricted, or

residential, land use with five exceptions (PSCs LF-03, FT-07E, DP-13, LF-14, and SD-38). PSCs LF-03,
FT-07E, DP-13, LF-14, and SD-38 had elevated ELCRs ranging from of 2 x 10"* to 3 x 10'5. DP-13 also had
an elevated HI of 2.

Exposure to chromium in soils is the primary contributor to the elevated ELCR for PSC LF-03.
Chromium was detected at concentrations of 349 and 386 mg/kg in an 8 foot bgs and a 7-8 foot bgs sample
from test pit TP-5, respectively. Given these two detections, the EPC for chromium was 140 mg/kg.
Chromium concentrations in the remaining nine subsurface soil samples were below 26.6 mg/kg. The EPC
for chromium calculated without the samples from test pit TP-5 would have been 17 mg/kg, and the site would
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not have an elevated ELCR. When completing the residential risk evaluation, the SRL for hexavalent chrome
was used; this was a highly conservative assumption since it is unlikely that all of the chromium present at LF-
03 is actually present in the hexavalent state. Using the modified UCL as the EPC and the total chrome SRL,
instead of the hexavalent chromium SRL, the ELCR for residential exposure drops from 5 x 10"* to 8 x 10~9.

Exposure to chromium in soils is the primary contributor to the elevated ELCR and HI for PSC DP-13.
Chromium was detected at a concentration of 15,900 mg/kg in a 5 feet bgs sample from test pit TP-12.
Chromium concentrations in the remaining 32 subsurface soil samples were below 25 mg/kg. The 95 percent
UCL for chromium calculated without the sample from test pit TP-12 would have been 16 mg/kg. It should
be noted that when completing the residential risk calculations, the SRL for hexavalent chrome was used; this
was a highly conservative assumption since it is unlikely that all of the chromium present at DP-13 is actually

present in the hexavalent state. Using the modified UCL as the EPC and the total chrome instead of the
hexavalent chromium SRL, the ELCR for residential exposure drops from 3 x 10"5 to 8 x 10"9 and the HI drops
from 2 to 0.3.

PCBs and chromium are the primary contributors to the elevated ELCR at LF-14. The UCL for PCBs
was elevated due to a detected concentration of PCBs of 91 mg/kg in an 8 to 10 foot bgs sample from soil
boring SB-8. Without this sample the maximum detected PCB concentration would be 37 mg/kg and the risks
from exposure to PCBs at LF-14 would be significantly lower. The chromium UCL was elevated due to
detected concentrations of chromium at from SB-2 and SB-5 of 108 mg/kg and 376 mg/kg, respectively.
Without these two samples the maximum detected concentration of chromium at LF-14 would be 49.5 mg/kg
and the risk from exposure to chromium would be lower.

TRPH was the contributor to the elevated His at both FT-07 and SD-38. Each of the PSCs had several
samples elevated concentrations of TRPH in the subsurface. TRPH concentrations at FT-07 ranged from 10
to 27,000 mg/kg. Concentrations of TRPH at SD-38 ranged from 5.0 to 58,000 mg/kg.

3.6.1.7.4.3 Exposure To Lead

The USEPA has not established toxicity values for lead. Instead, blood lead concentration generally
has been accepted as the best measure of the external dose of lead (NAS, 1980; USEPA, 1994b). The USEPA

developed the IEUBK model (LEAD0.99) for predicting mean blood lead levels in a sensitive subpopulation,
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children up to 7 years old. Although exposure of young children to lead in soil or sediment at the any of the
PSCs is unlikely, the IEUBK model was used as a conservative method to evaluate the potential for adverse
health effects associated with exposure to lead in soil or sediment at PSCs RW-02, LF-03, DP-13, LF-25, LF-
37, SD-38 and lead in groundwater at PSCs RW-02, FT-07E, SD-20, and SD-21.

The results of the IEUBK model (LEAD 0.99) run using the soil or sediment data for the PSCs and

the monitoring well data for groundwater are shown in Tables 3-57 through 3-59, for surficial soil and

combined surface and subsurface soil and groundwater exposures. Results of the model for each PSC are
presented in detail in Section 4, Section 5, and Appendix F of the Base-wide Risk Assessment. Results of the
model are summarized below.

Lead was a COC in surficial soil only at PSC LF-25. Therefore, this was the only site where the
predicted geometric mean blood lead levels for the hypothetical population (children under 7 years old)
exposed to surficial soils was evaluated. For PSC LF-25, the geometric mean blood lead levels are below the
concern level 10 /^g/dL for an average exposure scenario (USEPA, 1994b). However, the geometric mean
blood lead level was 14.5 /ug/dL for the RME scenario. This value exceeds the concern level of

As noted in Section 3.5.19, lead was detected at a concentration of 10,100 mg/kg in one surficial
sample at PSC LF-25. Lead concentrations in the other 16 surficial soil samples were below 66 mg/kg. The
anomalously high concentration of lead in this one sample appears to be result of metal shot in the portion of
the sample that was analyzed by the laboratory. Results of the shot recovery treatability study (ARCADIS

Geraghty & Miller 1998d) show that if the metal shot is removed from the soil at PSC LF-25, expected
residual lead concentrations would only be slightly elevated above background UCL of 22 mg/kg. Using the
66 mg/kg concentration as a representation of soil lead levels after metal shot is remove, the model indicates
that 100 percent of the exposed population is expected to have a blood lead level below 10 /ug/dL for both the
average and RME scenarios.

The predicted geometric mean blood lead levels for the hypothetical population (children up to 7 years
old) exposed to combined surface and subsurface soils is below the concern level of 10 /^g/dL for all PSCs
where it was evaluated except PSC DP- 13 (USEPA, 1994b). Evaluation of lead in combined surface and
subsurface soil is applicable for both the excavation worker and hypothetical future resident exposures.
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As discussed in Section 3.5.10, lead was detected at a concentration of 36,000 mg/kg in a subsurface
sample collected from Test Pit TP- 1 2 at PSC DP- 1 3, yielding a predicted blood lead level of 2 1 .4 Aig/dL. The
high level of lead detected in the one sample from TP-12 may be associated paint residues buried in that area.
Running the model without this one sample shows that 100 percent of the exposed population at DP- 13 is
predicted to have a blood lead level below 10 //g/dL for the average and RME scenarios.

The predicted geometric mean blood lead levels for the hypothetical population (children up to 7 years
old) exposed to groundwater is below 10 /^g/dL for all the PSCs evaluated.

3.6.1.8 Uncertainties In The Risk Assessment

The potential health risk estimates summarized in this report are conservative assessments of the risks

associated with exposure to environmental media at the OU-1 PSCs. Uncertainty is inherent in the risk
assessment process. Each of the three basic building blocks for risk assessment (monitoring data, exposure
scenarios, and toxicity values) contribute uncertainties. Environmental sampling itself introduces uncertainty,

largely because of the potential for uneven distribution of constituents in the environment.

This risk assessment is based on the assumption that the available monitoring data adequately describe

the extent of constituents in soils, sediments, surface waters, ambient air, and groundwater. Environmental
sampling itself introduces uncertainty. This source of uncertainty can be reduced through a well designed
sampling plan, use of appropriate sampling techniques, and implementation of laboratory data validation and
quality assurance/quality control (QA/QC). The data used in the Base-wide risk assessment meet QA/QC
requirements and are appropriate for the Base-wide risk assessment.

Exposure scenarios and constituent transport models also contribute uncertainty to the risk assessment.
Exposure doses for soils, sediments, surface waters, ambient air, and groundwater were calculated based on
the assumption that the current conditions would remain stable throughout the exposure period. This simplifies
reality because natural attenuation processes are expected to reduce COC concentrations in the environment.
Exposure scenarios were developed based on site-specific information, USEPA exposure guidance documents,

and professional judgment. Although uncertainty is inherent in the exposure assessment, the exposure
assumptions were chosen to err on the side of being health protective.



FINAL OU-1 ROD
Luke AFB, Arizona

20 January 1999
Page 3-79

The toxicity values and other toxicologic (health effects) information used in this report are associated
with significant uncertainty. Toxicity values are subject to change as new or better toxicity data become
available or as the results of toxicity studies are re-evaluated. Many toxicity values are developed using results

of studies in which laboratory animals are exposed to high doses. Although species differences in absorption,
distribution, metabolism, excretion, and target organ sensitivity are well documented, available data are not
sufficient to allow compensation for these differences. When human epidemiologic data are available, a

different set of uncertainties is present. For instance, exposure dose is seldom well characterized in

epidemiologic studies.

In conclusion, uncertainties do exist with the Base-wide risk assessment. However, every effort was
made to reduce the inherent uncertainties and to err or the side of health protectiveness. The risk assessment
was conducted using only data of defensible quality that were collected with stringent QA/QC procedures
following USEPA guidance documents. Likewise, the toxicity values used in this risk assessment were the
most recently available from the USEPA. As a matter of policy, the USEPA will always err on the side of

health protectiveness to give an estimate of the risk or hazard that is overestimated.

3.6.2 Ecological Risk Assessment

In addition to evaluating potential human health risks, an ecological risk assessment was also
performed. The standard paradigm for predictive ecological risk assessment (ERA), as developed by the
USEPA and others, was followed for the ecological risk assessment at Luke AFB (USEPA, 1989c,f; USEPA

1992; USEPA, 1994a; Wentsel et al., 1996). Prior to completing the ecological risk assessment, a Base-wide
ecological inventory (El) was conducted to collect data on:

• biotic communities present on the Base;
• evidence of biological stress;
• pathways of potential exposure to impacted media; and
• the presence of species of special concern.

Luke AFB is in the lower Colorado River Valley of the Sonoran desert; however, little vegetation
characteristics of this area were identified during the El. Instead, flora was dominated by vegetation
characteristic of urban, disturbed areas at similar elevations in the Sonoran Desert. This is consistent with

current and past land use at the Base.
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No species of special concern were observed during the El. Animal species observed at the Base

during the El are more tolerant of urban and disturbed conditions. Because vegetative growth at the Base is
sparse due to physical activities associated with normal base operations, the diversity and abundance of animals
observed were less than that typical of more native conditions.

Potential risks to ecological receptors were quantitatively assessed by using the round-tailed ground

squirrel, desert cottontail, western whiptail lizard and side-blotched lizard as indicator species. The desert
cottontail was used to represent herbivorous primary consumers; the round-tailed ground squirrel to represent

herbivorous/insectivorous primary consumers; and the western whiptail lizard and side-blotched lizard to
represent insectivorous secondary consumers. HQs were calculated for the indicator species by comparing an
estimated intake of site-related constituents of ecological concern (COECs) with a toxicity reference value

derived for the specific indicator species and for the specific COEC. HQs were determined for the ingestion
of food sources and for the incidental ingestion of soil where appropriate for the indicator species. The HQs
were then added to obtain a HI for each PSC.

Based on previous investigations at Luke AFB and coordination with USEPA representatives, the
following PSCs were determined to be representative of site conditions and were selected for study in the
ecological risk assessment: PSCs LF-25; FT-07E; combined portions of SS-17 and LF-14; and SD-20. This
selection was based on a combination of observations of ecosystems at the PSCs, detected COEC
concentrations, and potential risks to higher trophic level organisms.

COECs evaluated in the ecological risk assessment included: polycyclic aromatic hydrocarbons
(PAHs); TRPH; PCBs; and the metals antimony, cadmium, and lead. Data used to assess potential adverse
effects to ecological receptors included chemical analysis of soil, plant tissue, and insect tissue.

Based on the results of the ecological assessment, it is unlikely that site-related COEC concentrations
would pose a risk to ecological receptors at Luke AFB. His calculated for each indicator species at the
representative PSCs did not exceed the risk threshold value of 1, with the exception of a HI of 3 for the desert
cottontail rabbit at PSC LF-14. The elevated HI resulted from cadmium and lead concentrations detected in
surficial soil at two sampling locations at this PSC. Due to limited habitat and food resources at PSC LF-14,
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it is likely that actual exposure by rabbits and other herbaceous primary consumers to soils and vegetation at

this site would be less than that assumed for the purposes of this assessment. Therefore, it is unlikely that
adverse effects would occur.

3.6.3 Risk Assessment Conclusions

Risks were calculated for both human and ecological receptors using the methods described above.

Results of the ecological risk assessment indicate that none of the PSCs pose significant threats to ecological
receptors. Results of the human health risk assessment indicated six OU-1 PSCs could potentially pose
unacceptable levels of risk to human health under certain types of land usage. These six PSCs include: LF-03,

FT-07E, DP-13, LF-14, LF-25, and SD-38. All of these, except for PSC LF-25, present an unacceptable risk
to a hypothetical future resident. PSC LF-25 posed an unacceptable level of risks to a hypothetical future
excavation worker.

A seventh site, PSC SS-42, showed that a risk to the underlying groundwater resources exists at this
site. Results of the vadose zone transport model showed that COCs currently detected in the soil at PSC SS-42
could potentially leach to the groundwater table in the future.

Although conditions at PSC RW-02 do not pose risks to human health or the environment, the
presence of the radioactive waste containment structure does represent a site condition that warrants additional
evaluation. Currently, gamma logs and soil sample radiochemical analyses indicate that soils adjacent to the
concrete containment structure do not contain radioactive materials in excess of naturally occurring levels.

As long as conditions remain unchanged, there is no risk to human health.

3.7 REMEDIAL ACTION OBJECTIVES

Remedial Action Objectives ( RAOs) are general descriptions of the goals established for protecting
human health and the environment, and are accomplished through remedial actions. RAOs identify the
medium of concern (air, soil, groundwater), chemicals of concern, potential exposure routes, potential

receptors, and acceptable chemical concentrations for protecting human health and the environment. General

Response Actions (GRAs) are the actions that will either alone or in combination satisfy the RAOs.
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The RAOs and GRAs developed for the OU-1 PSCs at Luke AFB were based on the requirements

of CERCLA, as amended by SARA. SARA mandated several overall objectives for remedial activities. These

general mandates include the following:

• Preference is to be given to a remedy, "... which permanently and significantly reduces
the volume, toxicity, or mobility of the hazardous substances, pollutants, and
contaminants ..." (Section 121[b][l]).

• A remedial action "... shall attain a degree of cleanup of hazardous substances, pollutants,
and contaminants released into the environment and of control of further release, at a
minimum, which assures the protection of human health and the environment." (Section

• Remedial actions "... shall be developed that protect human health and the environment
by recycling waste or by eliminating, reducing, and/or controlling the risks posed through
each pathway by a site." (40 CFR 300.430 [e][2]).

These general mandates were the basis for determining the RAOs for the OU-1 PSCs at Luke AFB.
The first step of the process for establishing RAOs is to identify the medium of concern, COCs, potential
exposure routes, and potential receptors. This information has been summarized in the previous sections and
on Tables 3-1 through 3-59 and Figures 3-22 through 3-39.

The second step of the process involves the identification of Applicable, Relevant, and Appropriate
Requirements (ARARs). ARARS specify remedial action requirements and cleanup standards. Based on
ARARs and the specific site conditions, RAOs are then developed to synthesize the goals and requirements
of the remediation. At this point GRAs are established to satisfy the RAOs. The following sections present
the identification of ARARs, RAOs, and the GRAs for the OU-1 PSCs at Luke Air Force Base.

3.7.1 ARARs. To be Considered Requirements, and Waivers

Section 121(d)(2) of CERCLA, 42 USC Section 9621(d)(2), requires the USEPA to ensure that
cleanup actions conducted under CERCLA meet:

"...any standard, requirement, criteria, or limitation under any Federal environmental law ...
or any (more stringent) promulgated standard, requirement, criteria, or limitation under a State
environmental or facility siting law ... which is legally applicable to the hazardous substance
concerned or is relevant and appropriate under the circumstances of the release of such
hazardous substance, pollutant, or contaminant..."
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The USEPA refers to the standards, requirements, criteria, or limitations identified pursuant to this
section as ARARs. ARARs are divided into applicable requirements or relevant and appropriate requirements,
both of which require consideration under CERCLA.

"Only those state standards that are promulgated, are identified by the state in a timely manner, and
are more stringent than federal requirements may be applicable or relevant and appropriate. For purposes of

identification and notification of promulgated state standards, the term "promulgated" means that the standards

are of general applicability and are legally enforceable." (40 CFR§300.5).

ARARs are divided into three categories: chemical-specific, location-specific, and action-specific
requirements. Because the NCP (40 CFR§300) includes detailed guidance on identification and application
of ARARs, the following discussion adheres to the process specified in the NCP, except where state or local

requirements may dictate a different result.

3.7.1.1 Applicable Requirements

Applicable requirements are federal and state laws or rules that legally apply to a hazardous substance,
contaminant, remedial action, location, or other circumstance at a site. Applicable requirements are defined
(40 CFR§300.5) as those "...cleanup standards, standards of control, and other substantive environmental
protection requirements, criteria, or limitations promulgated under federal environmental or state
environmental or facility siting laws that specifically address a hazardous substance, pollutant, contaminant,
remedial action, location, or other circumstances..." For a requirement to be applicable, the action or the
circumstances at the site must meet the jurisdictional prerequisites of that requirement.

3.7.1.2 Relevant and Appropriate Requirements

Relevant and appropriate requirements are defined as cleanup standards, standards of control, or other
substantive requirements, criteria, or limitations promulgated under federal or state environmental or facility
siting laws, that while not "applicable" to a hazardous substance, remedial action, location, or other
circumstance at the site, address problems or situations sufficiently similar to those encountered at the site
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(relevant) so that utilization of these standards is warranted for the particular site (appropriate) (40
CFR§300.5). The NCP (40 CFR§300.400(g)(2)) specifies a number of factors for determining when a
requirement may be relevant or appropriate. The factors include:

"(i) The purpose of the requirement and the purpose of the cleanup action;

(ii) The medium regulated by the requirement and the medium contaminated or affected at the site;

(iii) The substances regulated by the requirement and the substances found at the site;
(iv) The actions or activities regulated by the requirement and the remedial action contemplated

at the site;

(v) Any variances, waivers, or exemptions of the requirement and their availability for the
circumstances at the site;

(vi) The type and size of structure or facility regulated and the type and size of structure or facility
affected by the release or contemplated by the cleanup action;

(vii) The type of place regulated and the type of place affected by the release or cleanup action; and

(viii) Any consideration of use or potential use of affected resources in the requirement and the use
or potential use of the affected resource at the cleanup site."

In this light, relevant and appropriate requirements are those federal and state rules that do not legally
apply but address situations sufficiently similar that they may warrant application to the remedial action.
Although discretion is involved with this determination, once identified, a relevant and appropriate requirement
must be complied with to the same extent as applicable requirements.

3.7.1.3 To Be Considered (TBC) Requirements

"In addition to applicable or relevant and appropriate requirements, the lead and support agencies may,
as appropriate, identify other advisories, criteria, or guidance to be considered for a particular release. The "to
be considered" (TBC) category consists of advisories, criteria, or guidance that were developed by the USEPA,
other federal agencies, or states that may be useful in developing remedies." (40 CFR§300.5).
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3.7.1.4 Waivers or Variance

It may be possible to select a remedial alternative that does not meet an ARAR that qualifies for a waiver
or variance. These waivers apply only to the attainment of the ARAR; other statutory requirements, such as
remedies must be protective of human health and the environment, cannot be waived (40 CFR§300.430 (f)
(ii) (c)). The waivers provided are listed below:

• Interim Remedy: Measure/action that will not attain all applicable or relevant and
appropriate requirements is an interim measure, which will be followed by a complete
measure that will attain all ARARs.

• Equivalent Standard of Performance: Equivalent or better results can be obtained
using a design or method different from that specified in the ARAR.

• Greater Risk: Compliance with an ARAR will cause greater risk to human health and
the environment than noncompliance.

• Technical Impracticability: Achieving an ARAR(s) is impracticable from an
engineering perspective.

• Inconsistent Application of State Requirements: Regarding a state standard,
requirement, criterion, or limitation, the state has not consistently applied (or
demonstrated the intention to apply consistently) the standard, requirement, criterion,
or limitation in similar circumstances at other remedial actions.

• Fund Balancing: The costs associated with meeting an ARAR to obtain an added
degree of protection or reduction of risk would jeopardize the funds for remedial
actions at other sites.

3.7.2 Chemical-Specific ARARs and TBCs

Chemical-specific ARARs are health- or risk-based concentrations set in state or federal statutes or rules
regarding particular contaminants in soil, air, or water at a site. These limits establish the acceptable amount
or concentration of a chemical that may be found in a media, or discharged to the ambient environment.
Chemical-specific ARARs provide minimum requirements that CERCLA cleanup standards must meet.

For Luke AFB, chemical-specific ARARS include the remedial action criteria provided in Arizona Soil
Remediation Standards (ARS 49-152), Arizona Water Quality Assurance Revolving Fund (WQARF) (ARS
49-282.06), and the federal Safe Drinking Water Act (SDWA) MCLs. The TBC chemical-specific information
compiled for Luke AFB include the USEPA Region IX PRGs and Arizona GPLs. Chemical-specific ARARs
for Luke AFB are described below and are summarized in Table 3-60 and 3-61.
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3.7.2.1 Arizona Soil Remediation Standards

Arizona promulgated soil remediation standards on December 4, 1997. Because these state standards
have been promulgated and are legally applicable to the Luke AFB Superfund investigation, the Arizona Soil
Remediation Standards are identified as applicable chemical specific ARARs. The Arizona Soil Remediation
Standards are based on the idea of "risk-based remediation," meaning that cleanup levels are based on the risk

to human health and the environment posed by contaminated soil.

The Arizona Soil Remediation Standards are flexible and allow a party remediating soil to elect one of
three acceptable contaminated soil remediation standards. The choices include: (1) the background
remediation standards prescribed in A.A.C. Rl 8-7-204, (2) the pre-determined remediation standards
prescribed in A.A.C. R18-7-205, or (3) site-specific remediation standards prescribed in A.A.C. R-18-7-206.

The background remediation standards prescribed in A.A.C. Rl 8-7-204 allows a site to be cleaned up

to a level consistent with naturally occurring "background" conditions. This approach is called "cleaning up
to background," and is based on site-specific information and statistically derived background concentrations
using the 95th percentile UCL.

The pre-determined risk-based standards prescribed in A.A.C. Rl 8-7-205, are an "offthe shelf or "one-
size-fits-all" approach. The chemical specific standards are referred to as Soil Remediation Levels (SRLs).
SRLs are established for both residential and non-residential land uses. A person conducting soil remediation

may elect either standard, however, a person who conducts an SRL-based remediation must remediate to the
residential SRL on any property where there is residential use at the time the remediation is completed.
Residential and Non-residential SRLs for the selected COCs detected at the OU-1 PSCs at Luke AFB are listed
on Table 3-60.

As prescribed in A.A.C. Rl 8-7-206, a party may also elect to remediate to a residential or non-residential

site-specific remediation level derived from a site-specific human health risk assessment. This "customized"
approach allows determination of a site-specific cleanup standard based on the concentration of a contaminant,
the health affects of that contaminant, and the potential for humans to come into contact with that contaminant.
The Base-wide risk assessment was conducted using a deterministic methodology that satisfies requirements
prescribed in A.A.C. R18-7-206(b).



FINAL OU-1 ROD
Luke AFB, Arizona

20 January 1999
Page 3-87

A party who conducts soil remediation based on the standards set forth in either A.A.C. Rl 8-7-205 or

Rl 8-7-206, must remediate soil until contaminants remaining in the soil after the remediation do not:

1. Cause or threaten to cause a violation of Water Quality Standards prescribed in A.A.C.
R18-11 et. seq. If the remediation level of a contaminate in the soil is not protective of
aquifer water quality and surface water quality, that person shall remediate soil to an
alternative soil remediation level that is protective of aquifer water quality and surface water
quality.

2. Exhibit a hazardous waste characteristic of ignitability, corrosivity, or reactivity as defined
in A.A.C. R-18-8-26(a). If the remediation level for a contaminant in the soil results in
leaving soils that exhibit a hazardous waste characteristic other than toxicity, the person shall
remediate soil to an alternative soil remediation level such that the soil does not exhibit a
hazardous waste characteristic other than toxicity.
3. Cause or threaten to cause an adverse impact to ecological receptors. If the ADEQ
determines that the remediation level of a contaminant in soil may impact ecological receptors
based on the existence of ecological receptors and complete exposure pathways, the person
shall conduct an ecological risk assessment. If the ecological risk assessment indicates that
any concentration of contaminants remaining in the soil after remediation causes or threatens
to cause an adverse impact to ecological receptors, the person shall remediate soil to an
alternative soil remediation level, derived from the ecological risk assessment, that is
protective of ecological receptors.

Accordingly, depending upon the choice of remediation standards, the rule contains other requirements
to ensure that the standard selected is fully effective in protecting human health and the environment. If a party
elects to remediate to non-residential standards, they must, as detailed in A.R.S. 149-152 part B,

"...record with the county recorder, in the county where the property is located, a voluntary
environmental mitigation use restriction limiting, by legal description, the area necessary to
protect public health and the environment to nonresidential uses if, after the approval by the
Director pursuant to subsection A of this section, contamination remains on the property at
or above either of the following:

(1) Pre-determined risk based standards for other than residential exposure assumptions.
(2) Concentrations resulting in a hazard index greater than one, indicating that there may exist
an appreciable risk to human health from non-cancer health effects greater than the range of
levels set forth in 40 CFR part 300.430(E)(2)(l)(AXD[(e)(2XlXA)(2)]..."

With prior approval of the ADEQ, A.A.C. R18-7-206(D) also allows for the use of institutional and

engineering controls to achieve the site specific remediation levels. The approval shall be based, in part, on
the demonstration that the institutional and engineering controls will be properly maintained.
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3.7.2.2 Arizona Aquifer Water Quality Standards

Numeric aquifer water quality standards for Arizona were created in 1986 by statute with the adoption
of "primary drinking water maximum contaminant levels" established by the USEPA prior to August 13,1986

as drinking water aquifer water quality standards (ARS 49-223). Provisions were made for adoption by the
ADEQ by rule of additional AWQS as additional MCLs were adopted by the USEPA. The statute also
provided for adoption of a narrative standard. Current AWQS are provided in A.A.C. R18-11-401 et. seq.

The AWQS were not established as groundwater cleanup levels and hence, are not applicable to

groundwater remedial actions. The statute requires the director of the ADEQ to adopt AWQS to "...preserve
and protect the quality of these waters for all present and reasonably foreseeable future uses..." (ARS 49-

221 A). The rule adopted to guide the selection of remedial actions under WQARF (A.A.C. Rl 8-7-109 A.2.)

prior to the passage of SB 1452, similarly refers to protection of uses of groundwater. The rules require that

"...for remedial actions that may affect aquifers, the evaluation of beneficial use (of the groundwater) must

include the protection of drinking water pursuant to ARS 49-223..." The AWQS are then relevant to the

selection of groundwater clean up levels.

3.7.2.3 SDWA National Primary Drinking Water Regulations: MCLs

The SDWA establishes standards for maximum levels of contaminants in public drinking water sources
(42 U.S.C.§300g). MCLs are federally enforceable limits for any contaminant that "may have an adverse
effect on the health of persons and which is known or anticipated to occur in public water systems" (42
U.S.C.§300g-l[b][3][A]). MCLs are potentially relevant and appropriate during a cleanup involving the
remediation of groundwater that is used currently or as may potentially be used as a source of drinking water.

The USEPA considers maximum contaminant level goals (MCLGs) established under the SDWA to be

ARARs if the MCLG is greater than zero and if the groundwater is a potential drinking water source. If the

MCLG for a contaminant is zero, then the MCL is considered to be the ARAR.

3.7.2.4 USEPA Region IX PRGs

The USEPA Region IX PRGs for soil and groundwater are predetermined risk-based criteria created for
use as a screening tool to determine if pollutants are present in an environmental media, trigger additional
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investigation, and are initial cleanup goals. As such they fall in the TBC category for use in developing
remedial alternatives. Exceedence of the PRO indicates that further evaluation of chemicals at a site may be
necessary. The PRO calculations are based on RAGS Part B (USEPA, 1991) and the USEPA Soil Screening
Guidance (USEPA, 1996b). PRGs have been developed for soil, groundwater, and ambient air. PRGs for
selected chemicals are included in Table 3-60.

3.7.2.5 Arizona Groundwater Protection Limits (GPLs)

In September 1994, the ADEQ formed a Cleanup Standards Task Force to establish consistent
remediation standards for all programs administered by the ADEQ. The Task Force's work lead to passage
of legislation in 1995, A.R.S. 49-151 and 49-152, which mandated the development of consistent soil
remediation standards based on the risk to human health and the environment. As described in Section 3.7.2.1,
the ADEQ established these standards in rule on December 4,1997.

Under the Arizona Soil Remediation Standards, a party conducting a soil remediation may use a risk

based approach for determining the appropriate soil clean up standard, or they may elect to use the "off-the-
shelf SRLs as cleanup standards. No matter which approach is selected, the residual concentration of a
contaminant in soil can not cause or threaten contamination of groundwater to exceed the AWQS at a program-
specific point of compliance.

In September 1996, the Leachability Working Group of the Cleanup Standards Task Force published

"A Screening Method To Determine Soil Concentrations Protective of Groundwater Quality " (Leachability

Working Group, 1996) as a guide for determining if residual contaminant concentrations in the soil could
cause or threaten to cause contamination of groundwater. In order to provide a scientific basis for the
screening process, the Task Force used a one-dimensional vadose zone transport model developed by the
ADEQ. This model was developed specifically to determine the level of residual contaminant concentration
in soil that would be protective of groundwater quality at a point of compliance in the underlying aquifer.

Based on the modeling results, Groundwater Protection Limits (GPLs), which are soil cleanup levels
protective of groundwater quality, were developed for commonly occurring organic compounds with an
AWQS. Three options for determining GPLs were developed. As an initial screening step, the COCs detected
at a site can be compared with a "short list" of compounds with limited mobility in the subsurface. If any of
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the detected COCs are on the list, the threat to groundwater from that COC is considered negligible and the

SRL or site-specific risk based cleanup level may serve as the cleanup standard. For other organic compounds
with an AWQS, minimum GPLs are provided. The minimum GPLs are based on a "worst-case" scenario
(where the whole soil profile is contaminated from surface to groundwater). The minimum GPL can be

selected as the soil remediation level without detailed site-specific information.

The second and third options require site specific soil and contaminant characterization. The second
screening step requires that the site-specific depth to groundwater and the vertical extent of contamination in

the vadose zone be determined. This data is then compared to graphs developed by the Leachability Task

Force Working group which provides Alternative GPLs for commonly occurring compounds with an AWQS.
The graphs show Alternative GPLs based on the depth to groundwater and the depth of incorporation in soil

of the contaminant of concern. These graphs depict the maximum soil concentrations that can remain in soil

without potentially raising groundwater concentrations above the relevant AWQS at the default point-of-

compliance. The third option allows GPLs to be determined by vadose zone and groundwater modeling using
site-specific data collected and documented for the site in question.

Because the screening method for determining GPLs has not been promulgated under Arizona Law, the
GPLs, themselves, can not be considered chemical-specific ARARs. Therefore, the screening method can only

be considered as a TBC standard.

3.7.3 Action-Specific ARARs and TBCs

Action-specific requirements are technology- or activity-based requirements that regulate the specific
containment, treatment, storage or disposal alternatives being considered for site cleanup. Because several

different alternatives are evaluated during the course of a feasibility study, a wide range of action-specific
standards could be applicable. Although 42 USC § 9621 (e) waives the requirement to obtain a state or federal

permit, the substantive requirements must still be met. These standards provide guidelines for how a selected

remedial action must be implemented.

The applicability of the requirements depends on the technologies and alternatives selected in the ROD.
Action-specific ARARs are described below and are summarized in Table 3-61.
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3.7.3.1 Federal Clean Air Act

The Clean Air Act established National Ambient Air Quality Standards (NAAQS) that may be
applicable to remedial activities that would result in "major sources" of emissions (e.g., incineration). These
requirements, although generally applicable, are superseded by state standards (42 USC§7401).

3.7.3.2 Arizona Clean Air Act

State ambient air quality standards supersede the NAAQS (ARS §49-401 through 516). These standards
are anticipated to be applicable to activities that would result in "major sources" of emissions. Additional
requirements include a review process for new sources of air emissions in which the toxic air pollutants are
identified, the best available control technology is determined, the maximum ambient air concentration is
estimated, and an acceptable ambient level is established. These additional rules are anticipated to apply to
alternatives that involve "major sources."

3.7.3.3 Facility Discharge Permits

State air pollution control statutes require the counties to establish air quality control programs; ARS
§49-480 requires an installation permit for specified sources that may cause or contribute to air pollution or
the use of which may eliminate, reduce, or control the emission of air pollutants. ARARs dealing with permit
requirements for air pollution facility discharges might be applicable or relevant and appropriate for some work
at the Luke AFB site.

3.7.3.4 County Air Pollution Control

The Arizona air quality statutes include a program for county air pollution control (ARS §49-471 et.
seq.). The Maricopa County Bureau of Air Pollution Control Rules and Regulations (Regulation II, Rule
Numbers 200, et seq., and Regulation III, Rule 300 et seq.) establish a permit system for new sources of air

pollution, and establish criteria and requirements to limit emissions from these sources, respectively.
Regulation III, Rule 300 et. seq. provides for the control of sources of fugitive dust and VOC emissions. The
Maricopa County program has been approved and operates in lieu of the state program in Maricopa County.
These rules are an applicable requirement for sources of emissions, such as excavations and treatment systems.
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3.7.3.5 Wells: Permitting, Construction and Drilling Standards

State statutes and rules specify requirements for the permitting, drilling, construction, and abandonment

of wells including monitoring, supply, and injection wells (ARS §45-591 through 45-604; A.A.C. Rl2-15-801-
822). These rules apply to monitoring wells and groundwater withdrawal wells and are administered by the

ADWR. These requirements are applicable for drilling and abandoning wells on-site.

3.7.3.6 Occupational Health Standards

The federal Occupational Safety and Health Act (OSHA) requirements for worker protection, training,
and monitoring are applicable to the operation and maintenance of any treatment facilities, containment
structures, or disposal facilities remaining on-site after the remedial action is completed (29 CFR 1910. et.

seq.). The state has similar requirements (ARS §23-401 through 23-434).

OSHA regulates exposure of workers to a variety of chemicals in the workplace and specifies the
training programs, health and environmental monitoring, and emergency procedures to be implemented at
facilities dealing with hazardous waste and hazardous substances. The particular requirements of the OSHA

rules that would relate to the Luke AFB site are dependent on the actions at the site.

The OSHA requirements to be implemented following site remedial actions (during long-term site

maintenance) are dependent on the site remedial actions selected and the nature of the wastes or hazardous
substances remaining on the site. Requirements other than those for hazardous waste sites may be applicable.

3.7.3.7 RCRA Hazardous Waste and Arizona Hazardous Waste Management Requirements

Both the USEPA and the state have comprehensive rules for the management of hazardous wastes (40
CFR§260 et. seq.; ARS §49-901 through 49-973). These rules could apply to any impacted soil excavated

or groundwater withdrawn for treatment that contains a hazardous waste or exhibits a hazardous waste

characteristic.

The treatment, storage and disposal (TSD) facility requirements of the hazardous waste programs will
be applicable if such media are treated, stored, or disposed in the selected remedial action. The generator

requirements, including waste characterization, record keeping, and manifesting, will also be applicable. If

the groundwater is impacted with a hazardous waste or exhibits a hazardous waste characteristic, a hazardous
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waste permit could be required for groundwater treatment unless an exemption is granted. RCRA and state
land disposal restrictions will also be applicable to any remedy that involves new land disposal of hazardous
waste either on- site or off-site (40 CFR§268; A.A.C. Rl 8-8-264[I]).

The treatment of hazardous wastes containing at least 10 parts per million (ppm) by weight of organic
concentrations is subject to RCRA air emission standards for process vents (40 CFR§265, Subpart AA).

3.7.3.8 Hazardous Waste Transportation

Transportation of contaminated media constituting a hazardous waste to an off-site treatment or disposal
facility is subject to federal and state hazardous materials transportation requirements (49 CFR Subchapter C;
10 CFR§71; 10 CFR§20.2006). These rules impose packaging and labeling requirements.

3.7.3.9 Aquifer Protection Permits

The Arizona Aquifer Protection Permit Program is established by statute (ARS 49-241 et. seq.) and

requires that any facility that discharges a pollutant either directly to an aquifer or to the land surface above
the vadose zone in such a manner that the pollutant has a reasonable probability to reach the aquifer must
obtain an Aquifer Protection Permit from the ADEQ in accordance with A.A.C. Rl 8-9-101. Discharging
facilities that must comply with this requirement include the following: surface impoundments, solid waste
disposal facilities, injection wells, land treatment facilities, facilities adding a pollutant to a salt dome, mine
tailings pile and post, mine leaching operations, septic tank systems with a capacity greater than 2,000 gallons

per day, underground water storage facilities, point source discharges to navigable waters, and sewage or
wastewater treatment facilities. The substantive requirements of this permit program are applicable
requirements for on-site land treatment facilities.

3.73.10 Groundwater Rights and Permits

Withdrawal of groundwater for remedial activities requires obtaining a right from an existing right holder
or securing a permit from the ADWR (ARS §45-512). There are a number of rights and permits available.
The ADWR may issue a permit for up to 35 years to withdraw poor-quality groundwater if the groundwater
has no other beneficial use at the time and if the withdrawal is consistent with the Active Management Area
Plan. This permit, called a "Poor Quality Groundwater Withdrawal Permit" (ARS §45-516), is the principal
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means of obtaining the right to withdraw groundwater for remedial actions. Groundwater rights or permits are

an applicable action-specific requirement if groundwater extraction is considered a remedial alternative.

3.7.3.11 Solid Waste Management

State statutes and rules (ARS §49-701 et. seq., A.A.C. R-18-8-101 et. seq.) control the management of
solid wastes, which are a broad category of wastes other that hazardous wastes (ARS 49-701.01). Several
"special" wastes are exempted from the definition of solid waste. These wastes include "... substances that
remain on-site after being generated during on-site corrective actions..." undertaken pursuant to WQARF,
RCRA or UST requirements (ARS 49-701.01.B 12.). The statutes establish a management program for

"special wastes," (ARS 49-851 et. seq.) and "Petroleum Contaminated Soils."

Petroleum Contaminated Soils are of particular interest for developing these ARARs. The ADEQ, under

the authorities and responsibilities in A.A.C. Rl 8-8-1601 et. seq., has established rules for management of
Petroleum Contaminated Soils, that include the specific definitions, waste determination criteria, and treatment
and disposal criteria. These rules are applicable for remedial actions involving excavation and on-site
treatment of TRPH contaminated soils.

3.7.3.12 Radioactive Waste

Interim guidance has been established by the USAF for the disinterment of radioactive burial waste
(USAF, 1989). According to this guidance, any removal actions at PSC RW-02 will be required to be
performed by a licensed contractor operating under a Nuclear Regulatory Commission (NRC)-approved plan.

USAF radioisotope committee approvals required prior to initiating contractual actions to perform the work.

Additional guidance has also been prepared regarding the management of low-level radioactive waste,
specifically to storage (USAF, 1992). On-site storage of low-level radioactive waste must be conducted in
accordance with good radiation practices as described in the NRC licensing agreement with the USAF. This

includes site security to prevent unwanted theft and/or vandalism of the low- level radioactive wastes,
placarding the area used for storage of these wastes, and controlling access to the storage area by designating
a safety officer. The Arizona Radiation Regulatory Agency (ARRA) has no additional requirements beyond
these NRC conditions. Additionally, the rules adopted by ARRA include exemptions for "electron tubes" and
"self-luminous products" (A.A.C. R12-1-303B).
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3.7.3.13 Treatment, Disposal and Storage of PCB-contaminated Soils

The treatment, disposal, and storage of soils containing PCBs at concentrations of 50 ppm or above are
regulated by 40 CFR 761. Disposal is defined as "spills and other uncontrolled discharges of PCBs at
concentrations greater than 50 ppb..."

The "...PCBs resulting from the clean-up and removal of spills, leaks, or other uncontrolled discharges
must be stored and disposed of in accordance with paragraph (a)..." (40 CFR 761.60[d]). Paragraph (a)
provides in part that "...any non-liquid PCBs at concentrations of 50 ppm or greater in the form of
contaminated soil... shall be disposed of... (in) an incineration which complies with (40 CFR) 761.70, or a

chemical wasteland fill which complies with (40 CFR) 761.75..." These rules are applicable requirements for
remedial actions involving PCB-contaminated soil.

3.7.4 Location-Specific ARARs and TBCs

Location-specific ARARs are restrictions placed on concentrations of hazardous substances or the
activities conducted at a location based solely on a site's geographical or physical location. These requirements
may impose constraints on the type of remedial action allowed on-site. Location-specific ARARs are described

below and are summarized in Table 3-61.

3.7.4.1 Luke AFB Clearances and Permits

Passes required for access to the Base are issued through security police squadron Pass ID Office.
Access to runways; taxiways; aircraft storage/maintenance; other controlled area, such as the flight line
restricted areas, requires an additional permit. These special permits are obtained through Air Field
Management which is a division of the operations squadron. Air Field Management coordinates acceptable
times and additional security needs for access to these controlled areas.

Prior to the beginning of any building project at Luke AFB, an Air Force Form 332 must be filed and
approved. A copy of this form is included as Appendix D. As part of the approval process for AF Form 332,
the BGP is reviewed to determine if any constraints exist. If constraints do exist, the project will not be
approved or modifications will be required. The final approval of any building project resides with the Chief
of Operations who is required to review the BGP and sign all AF Form 332s.
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Conducting any type of soil excavation at the Base requires a utility clearance permit (Air Force Form

103). This permit must be obtained prior to ground-breaking at Luke AFB. To obtain a digging permit, an
AF Form 103 must be filled out and submined to the Base Civil Engineer Squadron for approval. A copy of

AF Form 103 is provided in Appendix E.

3.7.4.2 Flood plain Management

Flood Insurance Rate Map Number 04013C1615F (FEMA, 1991) indicates that PSC RW-02 is located
in an area of 500-year flood plain that is protected by levees from a 100-year flood. Therefore, the Base is

potentially regarded as located within the 100-year floodplain of the Agua Fria River.

Executive Order 11988 directs federal agencies to evaluate the potential effects of actions they may take

in a floodplain to avoid, to the extent possible, "...adverse effects associated with direct and indirect
development of a floodplain..." The USEPA's Statement of Procedures on Floodplain Management and
Wetlands Protection (40 CFR 6.302) requires USEPA programs to determine whether an action will be located

in or will affect a floodplain. If so, the responsible official shall prepare a floodplain/wetlands assessment.
The assessment will become part of the environmental assessment or environmental impact statement. The
responsible official shall either avoid adverse impacts or minimize them if no practical alternative exists.

Executive Order 11988 is an applicable requirement for excavation alternatives at PSC RW-02.

The state has established statutory authorities and responsibilities for county flood control districts
(ARS 48-3601 et. seq.). The statutes, in part, direct the districts to adopt "...Rules for all development of land,

construction of residential, commercial or industrial structures or uses of any kind which may divert, retard

or obstruct floodwater and threaten public health or safety or the general welfare." (ARS 48-36093.1).

The Maricopa County Flood Control Districts rules on floodplain development are an applicable
requirement for excavation alternatives at PSC RW-02.

3.7.4 J Historical and Archaeological Artifacts

Remedial actions may result in alteration of terrain that threatens significant scientific, prehistoric,
historic, or archaeological data. In such cases, federal and state requirements for actions by the respective

agencies govern historical and archaeological discovery and preservation that must be adhered to during
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remedial action implementation (e.g., 36 CFR §65, 36 CFR §800, ARS 41-841 et. seq.). If artifacts are
uncovered, the appropriate requirements governing their treatment and disposition are also ARARs.

3.7.5 RAOs and GRAs

Following the establishment of ARARS, RAOs were created to direct the development of remedial
technologies for OU-1. All remedial technology considered for implementation, except for "no action," must

satisfy the RAOs. The RAOs for OU-1 are presented below:

• Exposure Prevention. Prevent incidental ingestion, dermal contact, and inhalation
by an at-risk receptor of soil that contains unacceptable concentrations of
contaminants, as determined by the Base-wide risk assessment.

• Protection of Ground water. Prevent the migration of COCs from unsaturated soils
into groundwater or surface water to ensure that groundwater or surface water is
protective of human health and the environment.

These objectives are protective of human health and the environment by preventing human contact with
impacted material and by eliminating, reducing, or controlling the possible migration of COCs to other
environmental media.

GRAs are general measures that could be implemented to achieve the RAOs. GRAs are developed to
aid in the identification of remedial technologies that can minimize releases, threats of releases, or pathways
of exposure to the soils. GRAs were developed for 1) soils to a depth of 16 feet bgs, and 2) soils with the

potential to leach COCs to groundwater. The depth limit was established because exposure to soils deeper than
16 feet bgs is unlikely. This depth is greater than the maximum standard depth of excavation for a residential
development and exceeds most depths of trenching for utility lines. The following GRAs were identified:

• No action. The site would remain as it currently exists. Monitoring may be
conducted.

• Institutional Controls. Institutional action would be implemented to limit site access
and land uses. Personal protective equipment may also be required during certain site
activities.

• Containment. The relevant area would be physically contained.

• Excavation and Disposal. Selected soil volumes would be excavated for subsequent
disposal off-site without treatment.
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• Excavation, Treatment, and Disposal. Selected soil volumes would be removed for
subsequent treatment and disposal either on or off-site.

• In-situ Extraction. Constituents would be removed from the subsurface soils and
discharged at the surface for treatment.

• In-situ Treatment. Selected soil volumes would be treated using appropriate
technologies applied in-situ.

Although GRAs are not detailed, they categorize technologies that may be pertinent for remediation

of soils. It should be noted that GRAs were not developed for groundwater because the groundwater resources
beneath the OU-1 PSCs were not impacted with COCs at concentrations above ARARs. GRAs developed for
the soils also ensure that future impacts to groundwater would not occur at sites that showed the potential for
COCs to leach to the groundwater.

3.8 DEVELOPMENT OF REMEDIAL ALTERNATIVES

Based on the establishment of ARARs, RAOs, and GRAs, remedial alternatives were developed for
eight OU-1 PSCs (PSCs RW-02, LF-03, FT-07E, DP-13, LF-14, LF-25, SD-38, and SS-42). Remedial
alternatives were developed for five sites (PSCs LF-03, FT-07E, DP-13, LF-14, and SD-38) because COCs
detected in the soil exceed residential SRLs and the results of the Base-wide Risk Assessment showed that
current soil conditions could potentially cause a risks to human health if the sites were developed for residential
purposes. Remedial alternatives were developed for PSC LF-25 because COCs were detected in the soil at

concentrations in excess of the non-residential SRLs and results of the Base-wide risk assessment showed that
COCs in the soil could cause adverse health risks to hypothetical future excavation workers. Remedial
alternatives were developed for PSC SS-42 because a site-specific vadose zone transport model showed COCs

detected in the soil could potential impact the underlying groundwater. Remedial alternatives were developed
for PSC RW-02 because the mere presence of low-level radioactive wastes at this site represent conditions that
warranted additional evaluation.

It is important to note that although COCs in excess of the ADEQ residential and non-residential SRLs
were detected at other sites, the results of the Base-wide risk assessment showed that the risks posed to human
health and the environment from exposure to these COCs were within acceptable site-specific standards, even
site-specific residential standards. As described in Section 3.7.2.1, the Arizona Soil Remediation Standards
allow for the determination of site-specific standards via risk assessment. In compliance with ARARS,
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remedial alternatives were not developed for the air, surfacewater, or groundwater at Luke AFB or for the soils
at 17 of the 25 OU-1 PSCs. Remedial alternatives were only developed for the soils at the eight OU-1 PSCs
listed below.

Wastewater Treatment Annex Landfill (PSC RW-02).
• Outboard Runway Landfill (PSC LF-03).
• Eastern Portion of North Fire Training Area (PSC FT-07E).

Drainage Ditch Disposal Area (PSC DP-13).
Old Salvage Yard Burial Site (PSC LF-14).
Northwest Landfill (PSC LF-25).

• Southwest Oil/Water Separator at the Auto Hobby Shop (SD-38).
• Bulk Fuels Storage (SS-42).

A large number of remedial technologies could be implemented to meet the RAOs and GRAs
established for the eight "actionable" OU-1 PSCs. These technologies were identified and subsequently

screened using three primary criteria: technical effectiveness, institutional implementability, and relative cost.
Many potential technologies were eliminated during the screening process because of their prohibitively high
costs or lack of successful implementation on a field scale. Logical combinations of those technologies
retained for further evaluation were assembled into 12 remedial measures. These measures, designated S-l
through S-l2, are summarized in general terms in the sections that follow.

The remedial alternatives described below can consist of a variety of remedial components. While the
same remedial alternative can be considered for implementation at a number of sites, the specific remedial
components that make up that alternative may not be the same for every site. The specific characteristics of
the individual sites will dictate which remedial components would be necessary to adequately protect human
health and the environment. For these reasons, the descriptions provided in the following sections are general
in nature and are only intended to give the reader an overview of the types of remedial components that may
be included in each remedial alternative. Section 3.10 of this ROD provides specific details of the remedial
components that comprise the remedial alternatives selected for implementation at each of the sites.

3.8.1 S-l - No Action

Remedial Alternative S-l involves no remedial action; however, it may include monitoring of site
conditions. The no action alternative serves as a reference base for comparison of the other possible remedial
alternatives. This remedial alternative was considered at all OU-1 PSCs. In the unique situation of PSC RW-
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02, the no action alternative included periodic geophysical monitoring of the site to ensure that the current level

of protection is maintained. Similarly, groundwater monitoring was included with the no action alternative

for PSC-SS-42, where protection of groundwater impact is the basis for inclusion in the FS.

• Effectiveness. This alternative is not effective in preventing occupational or residential
exposure to impacted soils present at the PSCs. Depending on current and future potential
hypothetical receptors, conditions at OU-1 PSCs may or may not represent an appreciable
hazard to human health. Although the no action alternative may not be effective in meeting
the current ADEQ benchmark remediation criteria for ELCRs (10"6), this criterion is subject
to regulatory change. Should these criteria be modified in the future, the no action alternative
may be adequately protective and appropriate for implementation at that time.
The ELCR and HI for exposure to soil at PSCs RW-02 and SS-42 were below both the ADEQ
and USEPA's risk-based remediation benchmarks. For this reason, the no action alternative
is effective in preventing significant human risk at PSC RW-02, while it is not effective at
other PSCs. The no action alternative may not provide adequate protection of the environment
at PSC SS-42 where the potential exists for COCs in the soil to migrate to the underlying
groundwater resources.

• Implementability. The no action alternative is technically implementable at all PSCs.
Administratively, the no action alternative is unlikely to be acceptable at all PSCs.

• Cost. No costs are generally associated with the no action alternative. When applicable,
monitoring costs are incurred by Remedial Alternative S-l. These costs vary significantly with
the site.

3.8.2 S-2 - Institutional Controls

Remedial Alternative S-2 encompasses several administrative and physical measures that restrict access

and limit exposure to areas impacted with COCs above remediation standards. Remedial Alternative S-2 was

considered at seven OU-1 PSCs (RW-02, LF-03, FT-07E, DP-13, LF-14, LF-25, and SD-38). Institutional
controls were not considered for PSC SS-42 because they would not prevent the migration of contaminants
from the soils to the underlying groundwater. Depending on the specific site conditions, a variety of remedial
components may be needed to protect human health and the environment. These components include:

• Restriction of Land Usage to Non-Residential Purposes.
• Install/Maintain Perimeter Fencing (if necessary).
• Conduct Periodic Monitoring (if necessary).
• Regulate Work Practices (if necessary).
• Development and Maintenance of an Institutional Control Plan.
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At a minimum for all sites, Remedial Alternative S-2 includes the implementation of procedures that
place restrictions on the residential development of the site. Land use restrictions have been shown to be low-
cost measures that are effective in ensuring against exposure to specific populations of receptors. The
procedures for restricting residential development of a site consist of several parts as described below.

As required in the Arizona Soil Remediation Standards (see Section 3.7.2.1), a Voluntary
Environmental Mitigation Use Restriction (VEMUR) must be recorded to restrict residential development of
a site where soil contaminant levels exceed residential cleanup standards. A VEMUR is a written document,
signed by the property owner and the ADEQ and recorded with the county recorder on the chain-of-title for
a particular parcel of real property, which indicates that a site has not been remediated to a level that meets
residential standards and, unless subsequently canceled, that the owner agrees to restrict the property to non-
residential usage.

The procedures for completing a VEMUR are detailed in A.A.C. Rl8-7-207. In general, recording a
VEMUR requires that a VEMUR Notification form be filled out in a format that complies with the A.R.S. 11-
480. The format must also comply with any other specific requirements of the County Recorder of the
jurisdiction. In the case of Luke AFB, the Maricopa County Recorder has jurisdiction. A copy of the VEMUR

Notification form is included with this ROD as Appendix C.

In addition to completing a VEMUR Notification form, additional information must be compiled and
submitted with the completed form. As stated in A.A.C. Rl 8-7-208(A), the additional information will include
the following:

1. A description of the actual activities, techniques, and technologies used to remediate
soil at the site, including the legal mechanism in place to ensure that any institutional
and engineering controls are maintained.

2. Documentation that requirements prescribed in A.A.C. Title 18, Chapter 7, Article 2,
Section R18-7-203(A) and R-18-7-203(B)(l) and (2) have been satisfied.

3. Documentation that the requirements prescribed in A.A.C. Title 18, Chapter 7, Article
2, Section Rl 8-7-203(6X3) have been satisfied.

4. Soil sampling analytical results which are representative of the area which has been
remediated, including documentation that the laboratory analysis of samples has been
performed by a laboratory licensed by the Arizona Department of Health Services
under A.R.S. 36-495 et. seq. and A.A. C. Title 9, Chapter 14, Article 6.
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5. A statement certifying the following: "I certify under penalty of law that this
document and all attachments are, to the best of my knowledge and belief, true,
accurate, and complete. I am aware that there are significant penalties for submitting
false information, including the possibility of a fine and imprisonment for knowing
violations."

The completed VEMUR Notification form and required additional information must be submitted to
the ADEQ for review and verification. The ADEQ will evaluate the information to verify compliance with
current policies, rules, and standards. An authorized Departmental representative will either request additional

information or sign the VEMUR and return it by certified mail. The ADEQ may revoke or amend the
VEMUR if any of the information submitted is inaccurate of if any condition was unknown to the ADEQ when
the VEMUR was signed.

After verification and approval by the ADEQ, the VEMUR will be recorded in the County Recorder's
office where the property is located within 30 calendar days of receipt, as evidenced by the return receipt.

In addition to a VEMUR, the Base General Plan (BGP) will be revised to place constraints on the

residential development of the PSCs. The BGP is used to implement "zoning-like" requirements at Luke AFB,
and it is the only comprehensive planning document required for Air Force installations. The BGP will serve
as the mechanism that ensures the institutional and engineering controls are established and maintained.

Several sections of the BGP will be revised to establish the constraints against residential development
of the PSCs. Language which clearly states that residential development of the PSC is prohibited will be added
to the BGP in Section 4.2.2.4 - Installation Restoration Program Sites and Section 4.4.2 - Future Land Uses.

Additionally, the locations of the PSCs at which residential development is prohibited will be added to Figure
4.1 - Environmental Constraints and Opportunities; Figure 4.7 Fuel Storage and Installation Restoration
Program Sites; and Figure 4.19 - Future Land Use of the BGP.

The BGP's constraints against residential development will be enforced through procedures that are
already in place at Luke AFB. Prior to the beginning of any building project at Luke AFB, an Air Force Form

332 must be filed and approved. A copy of this form is included as Appendix D. As part of the approval
process for AF Form 332, the BGP is reviewed to determine if any constraints exist. If constraints do exist,
the project will not be approved or modifications will be required. The final approval of any building project
resides with the Chief of Operations who is required to review the BGP and sign all AF Form 332s.
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Depending on particular site conditions, additional measures (in addition to restricting residential

development) may be required to provide adequate protection of human health. At PSC RW-02, Remedial
Alternative S-2 includes periodic monitoring and additional fencing to prevent exposure.

Monitoring an area or situation for hazardous conditions ensures the safety of receptors, while risk of
exposure remains at acceptable levels. It also provides a warning mechanism in the event that conditions

change.

Perimeter fencing around an area is another institutional control that accomplishes two things. First,
it establishes a physical barrier barring humans from direct exposure, and second, it prevents inadvertent
disruption to an area, which may increase the potential of a release.

At PSCs DP-13 and LF-25, Remedial Alternative S-2 will also include administrative controls
regulating excavation practices. At these two PSCs, COC concentrations could potentially pose a risk to future
excavation workers. To mitigate this exposure, work policies requiring the use of personal protective
equipment (PPE) by excavation workers will be implemented.

The requirement for the use of PPE while excavating will be added to the constraints detailed in Section
4.2.2.4 of the BGP. Figures 4.1 and 4.7 of the BGP will also be revised to clearly illustrate the areas that
require the use of PPE while excavating.

The constraints will be implemented through the digging permit process. A digging permit must be
obtained before breaking ground at any location of Luke AFB. To obtain a digging permit, an AF Form 103
must be filled out and submitted to the Base Civil Engineer Squadron for approval. A copy of AF Form 103
is provided in Appendix E.

Currently, there is no requirement for the BGP to be referenced prior to the approval of a digging
permit. Likewise the Chief of Environmental Engineering is not required to review all digging permit
applications. To ensure the appropriate level of protection is maintained while digging at PSCs DP-13 and
LF-25, the Luke AFB Commander will draft and enforce a policy letter that will amend the manner in which
digging permits are reviewed.
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The policy letter will require the Chief of Environmental Engineering to review all AF Form 103

permits submitted at Luke AFB. As part of the review, the BGP will be cross-referenced to determine if any
constraints exist. If constraints do exist, the appropriate procedures to protect human health will be required.

In addition to the above described remedial components, Luke AFB will be required to develop and
maintain an Institutional Control Plan (ICP). The ICP will facilitate training and education of personnel

involved with the enforcement of the required institutional controls. The ICP will document all of the required

institutional and engineering controls as well as detailing the procedures for any required monitoring programs.

The ICP will also document procedures for the review of digging and building permits, establish procedures

for ensuring regular checks and balances are in place, include provisions for annual review and updates of the
BGP, and provide for inspection and enforcement measures to assure that the required institutional controls
are correctly implemented and enforced. Additionally, the ICP will establish procedures that require the

regulatory agencies be notified in the event any major change in land use is proposed.

• Effectiveness. This alternative is effective in the protection of human health and the
environment. Land use restrictions would be placed on future residential development of the
impacted PSCs, thus preventing residential exposure to soils. As noted in the risk assessment,
prohibiting residential development will prevent significant risk to potential receptors at the
PSCs under consideration. A perimeter fence and monitoring would be effective for the long-
term protection of the in-place waste at PSC RW-02.
Because no treatment is included, this alternative will not actively reduce the concentrations
of COCs in the soils.

• Implementability. This alternative is readily implementable at all PSCs owned by Luke AFB.
The BGP is a proper tool for implementation of Remedial Alternative S-2.

• Cost. The direct capital cost of this alternative is low and applies to the recording of a
VEMUR, necessary revisions to the BGP, and development of an ICP. Operation and
maintenance (O&M) costs of monitoring requirements and fence installation, if necessary,
vary, but are typically lower than active remediation.

3.83 S-3 - Asphalt Cap with Institutional Controls

Remedial Alternative S-3 is a containment option. This remedial alternative was considered at PSC
SS-42, the only site where potential impact to groundwater is a concern. Remedial components include:
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• Constructing an asphalt cap over the impacted site to prevent human exposure, surface
water infiltration, and potential migration of COCs in the soils.

• Grading areas surrounding the impacted area to promote surface-water runoff away
from the cap.

• Implementing institutional controls to monitor groundwater quality and provide for
continued preservation of the cap.

Asphalt capping was selected as the representative option for capping technology over concrete,
because PSC SS-42 does not support vehicular traffic. As a flexible and relatively impermeable surface, the
asphalt cap would serve the function of reducing surface-water infiltration and downward migration of the
contaminants. Surface controls, such as grading, are typically employed to control run-on and runoff in capped
areas. These controls will minimize, but not eliminate, required maintenance of the caps. With regular
maintenance, a cap can provide long-term prevention of soils exposure and infiltration control. Furthermore,
preserving the cap is essential for continued effectiveness. This can be accomplished through a maintenance
program and also through BGP land use restrictions requiring cap maintenance.

Following cap construction, groundwater monitoring will assist in determining if this alternative is
achieving the intended result. Because the hydrocarbons will eventually degrade, soil or soil-gas sampling will
indicate when the cap is no longer needed and maintenance requirements/land use restrictions may be removed.

• Effectiveness. This alternative is effective in protecting human health and the environment
for both the short-term and the long-term. The cap would be effective in reducing surface-
water infiltration through the soils and, therefore, reduce potential migration of COCs. An
asphalt cap is not a permanent measure and requires periodic maintenance and repair.
Constituent concentrations will not be actively reduced and may require an extended period
of time to attenuate naturally. Monitoring will ensure effectiveness.

• Implementability. This alternative is implementable at PSC SS-42. The cap can be
constructed in the area formerly occupied by the UST and in the bermed area containing the
aboveground storage tanks. The alternative would be disruptive to operations during its
construction and would limit ready access to the existing underground piping connecting the
tanks to the distribution system. The cap could be maintained indefinitely.

• Cost. The capital cost of this alternative is moderate, consisting of design and installation
expenses. O&M costs are relatively low.
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3.8.4 S-4 - Institutional Controls and Ex-situ Physical Treatment/Metals Recovery

Remedial Alternative S-4 is an alternative developed specifically for PSC LF-25. An active skeet

shooting range is located immediately east of the site. During past operations of the skeet range, metallic shot
containing lead and antimony impacted the southern portion of PSC LF-25. Future operation of the skeet

range will most likely continue to impact the site.

Remedial Alternative S-4 is unique in that it includes both active remediation and the establishment
of institutional controls. Initially, ex-situ physical treatment/metals recovery (shot recovery) will be performed
to remove the existing metal shot from the surficial soil of the site. It is anticipated that shot recovery will
remediate the soils to levels acceptable for unrestricted land use. However, because the skeet range is still
active and there are no plans to close the range, shot containing potentially hazardous metals (antimony and

lead) will continue to impact the site into the foreseeable future. For this reason, institutional controls will be
implemented to protect human health from potential future exposures.

As explained more fully in Appendix F, Remedial Alternative S-4 (as presented in this ROD) differs
slightly from the version presented in the OU-1 FS and OU-1 Proposed Plan. There are two main differences
between this version and the previous one. First, as a protective measure, Remedial Alternative S-4 now
requires that a shot recovery process be performed prior to the closure of the skeet range. Secondly, procedures
which restrict future land uses of the site to non-residential purposes will now be implemented as part of

Remedial Alternative S-4.

Originally, Remedial Alternative S-4 called for the establishement of institutional controls prior to
conducting the shot recovery process. Following closure of the skeet range (at an undetermined point in the
future), a shot recovery process would be conducted to clean the site to conditions acceptable for unrestricted

land use. Because the site would meet residential standards at that time and the source of the impact would

no longer be present, a land use restriction would not be required. Additionally, the previously imposed
institutional controls would no longer be needed after the site cleanup.

Remedial Alternative S-4 now calls for conducting the shot recovery process prior to the closure of the
skeet range. This is a highly protective measure designed to immediately minimize any potential threat to
human health that could result from exposure to the accumulated metals. Because the skeet range will remain
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open and will continue to impact the site in the future, Remedial Alternative S-4 requires implementation of

institutional controls after the initial cleanup process is complete. Although the extent and magnitude of the
potential future impact can not be defined, it is conservatively assumed that it may be such that it could limit
potential land uses of the site. As a result, Remedial Alternative S-4 now requires a land use restriction, as
well as other institutional controls, to limit future exposure to the site.

The initial phase of Remedial Alternative S-4 now involves ex-situ physical treatment/metals recovery.
This is a multi-step process that will separate and remove the accumulated metallic shot from the surficial soil.

Remedial components of the metals recovery process include:

• Determining the area of impacted soil which contains COCs (antimony and lead) in
excess of evaluation criteria.

• Removing the surficial soil (0 to 2 feet bgs) which contains COCs at concentrations
in excess of Arizona soil remediation standards.

• Removing metal shot from the excavated material using mechanical sifting methods
and gravimetric separation.

• Recycling or disposing the recovered metal shot, depending on volume and value, at
an off-site facility.

• Returning soil material to scraped surface area, following compliance sampling to
ensure soil quality.

The first step of metals recovery process involves the delineation of the area impacted by the metal shot
Typically, the extent of impact from skeet shooting activities cover an area 300 yards in each direction from
the shooting area. However, at PSC LF-25, shot may have been spread over a much greater area due to past

surface grading and ground maintenance activities. Signs clearly indicating the extent of the impacted area
will be installed and properly maintained for use in future institutional controls.

After the impacted area is delineated, a metals recovery process will be performed. The recovery

equipment is typically mounted on a flat-bed truck which is driven across the impacted area. As the vehicle
moves, surficial soil is scraped from the ground and fed into the metals recovery processor. The scraped soil
is agitated to break up the soil clumps into finer grained pieces. Then, particle size separation is accomplished
by a screen with openings smaller than the metal shot. Soil particles of medium-grained sand and finer will
pass through this step and will be redeposited on the ground.

The retained soil and shot mixture is then subjected to gravimetric separation, during which the larger
particles retained from the first step fall through a horizontal air current created by a fan. Due to the greater
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density of metals, particularly lead, relative to soil, shot retained by the first step will be less affected by the
air current and will not be carried as far as the lighter soil particles. Therefore, the shot will be concentrated
at a location upstream from where the soil accumulates. The processor then collects the retained shot and
returns the soil particles to the ground. Compaction of the returned soil and make-up soil may or may not be
required depending upon the future land uses planned for the site.

The metals recovery process will produce a usable amount of metal for recycling. Because the area of
impact has yet to be delineated, it is not possible to provide an estimate of how much metal will be recovered,
the economic value, if any, of the recovered metal, and/or the cost of disposal. Likewise, it is not possible to
provide an accurate description of the implementation requirements, limitations, and costs at this time. These
specific details will be developed as part of the Remedial Design phase.

Although this process is used extensively at public skeet ranges to collect metal shot for recycling, it

has not often been implemented as a method of environmental restoration. Performance data, therefore, are
scarce. However, metals recovery offers the potential for comparable performance effectiveness at a
significantly reduced cost, relative to other options. Based on the results of a shot recovery treatability study
conducted at PSC LF-25 in March of 1998 (ARCADIS Geraghty & Miller, Inc. 1998d; AR# 210), it is
anticipated that metals concentrations in the soil can be reduced to levels that will allow for unrestricted land
usage of the site.

Application of this alternative is based on the assumption that residual metals, in non-metallic form or
in fragments significantly smaller than initial shot size, are not present at concentrations greater than the
evaluation criteria. This assumption is based on visual observation, soil conditions, and the nature of the skeet
range. Because of the alkaline soil and low rainfall conditions at the site, it is unlikely that the shot, which is
initially unoxidize, will be chemically altered. Furthermore, because the metal shot is projected upward and

impacts the ground with relatively minimal force, fragmentation of the shot is unlikely. These factors strongly

suggest that residual metals concentrations in the soils, due to the shot, are unlikely to be significant.

Because there are no plans to close the skeet shooting range in the foreseeable future, metallic shot
containing antimony and lead will most likely continue to impact the site following this initial metals recovery
process. Institutional controls will therefore be implemented to protect human health from future exposure
to the site while the range continues operation. These institutional controls will consist of:
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Implementing administrative controls requiring PPE for excavation workers in the
impacted area through revisions to the BGP.

Restriction of future land usage to non-residential purposes through the recording of
a VEMUR and revisions to the BGP.
Development and maintenance of an Institutional Control Plan.

The requirement for the use of PPE while excavating in the impact area of PSC LF-25 will be added

to the constraints detailed in Section 4.2.2.4 of the BGP. Figures 4.1 and 4.7 of the BGP will also be revised
to clearly illustrate the impacted area that requires the use of PPE while excavating. These constraints will be
implemented through the digging permit process. As previously noted, a digging permit must be obtained
before breaking ground at any location of Luke AFB.

To obtain a digging permit, an AF Form 103 must be filled out and submitted to the Base Civil
Engineer Squadron for approval. A copy of AF Form 103 is provided in Appendix E. Currently, there is no
requirement for the BGP to be referenced prior to the approval of a digging permit. Likewise, the Chief of
Environmental Engineering is not required to review all digging permit applications. To ensure the appropriate
constraints on excavation are enforced at PSC LF-25, the Luke AFB Commander will draft and enforce a
policy letter requiring the Chief of Environmental Engineering to review all AF Form 103 permits and review
the BGP to see if any constraints exist. The requirement for the use of PPE will be added to all digging permits
issued for excavation work in the impacted area of PSC LF-25.

Remedial Alternative S-4 also includes the implementation of procedures that place restrictions on the
residential development of the site. The procedures for restricting residential development of a site consist of
two parts as described below.

• Recording a Voluntary Environmental Mitigation Use Restriction (VEMUR)
• Revising the Base General Plan

As described in detail in Section 3.8.2, a VEMUR is a written document, signed by the property owner
and the ADEQ and recorded with the county recorder on the chain-of-title for a particular parcel of real
property, which restricts the property to non-residential usage. The procedures for completing a VEMUR are
summarized in Section 3.8.2 and detailed in A.A.C. Rl8-7-207.
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The completed VEMUR must be submitted to the ADEQ for review and verification. The ADEQ will
evaluate the information to verify compliance with current policies, rules, and standards. An authorized

Departmental representative will either request additional information or sign the VEMUR and return it by

certified mail. After verification and approval by the ADEQ, the VEMUR will be recorded in the County
Recorder's office where the property is located within 30 calendar days of receipt, as evidenced by the return
receipt. In the case of Luke AFB, the Maricopa County Recorder has jurisdiction. A copy of the VEMUR
Notification form is included with this ROD as Appendix C.

In addition to a VEMUR, the Base General Plan (BGP) will be revised to place constraints on the
residential development of the impacted area of PSC LF-25. The BGP is used to implement "zoning-like"

requirements at Luke AFB, and it is the only comprehensive planning document required for Air Force

installations. The BGP will serve as the mechanism that ensures the required institutional and engineering
controls are established and maintained.

Several sections of the BGP will be revised to establish the constraints against residential development
of the impacted area of PSC LF-25. Language which clearly states that residential development of that portion

of the site is prohibited will be added to the BGP in Section 4.2.2.4 - Installation Restoration Program Sites

and Section 4.4.2 - Future Land Uses. Additionally, the location of the impacted area of PSC LF-25 will be

added to Figure 4.1 - Environmental Constraints and Opportunities; Figure 4.7 Fuel Storage and Installation
Restoration Program Sites; and Figure 4.19 - Future Land Use of the BGP.

The BGP's constraints against residential development will be enforced through procedures that are
already in place at Luke AFB. Prior to the beginning of any building project at Luke AFB, an Air Force Form
332 must be filed and approved. A copy of this form is included as Appendix D. As part of the approval

process for AF Form 332, the BGP is reviewed to determine if any constraints exist. If constraints do exist,

the project will not be approved or modifications will be required. The final approval of any building project
resides with the Chief of Operations who is required to review the BGP and sign all AF Form 332s.

In addition to the above described remedial components, Luke AFB will be required to develop and
maintain an Institutional Control Plan (ICP) as part of Remedial Alternative S-4. The ICP will facilitate

training and education of personnel involved with the enforcement of the required institutional controls. The

ICP will document all of the required institutional and engineering controls. The ICP will also document
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procedures for the review of digging permits, establish procedures for ensuring regular checks and balances
are in place, include provisions for annual review and updates of the BGP, and provide for inspection and
enforcement measures to assure that the required institutional controls are correctly implemented and enforced.

• Effectiveness. This alternative is designed to be effective in both the short-term and the long-
term. The removal of the paniculate lead and antimony will effectively reduce concentrations
in the soil. Institutional controls will effectively provide for long-term protection against
dermal exposure to impacted soils.

• Implementability. This alternative is readily implementable. Technical implementability
requires the appropriate device for the separation process, which is common technology.

• Cost. The combined capital and O&M cost of this alternative is low.

3.8.5 S-5 - Excavation and Off-site Disposal

Remedial Alternative S-5 provides for the removal of the impacted soil and transportation off-site to
an appropriate disposal facility without treatment. Remedial components include:

• Determining the area of concern or of impacted soils containing COCs in excess of
evaluation criteria.

• Profile materials for disposal/obtain permits (as necessary).
• Excavate impacted area/soils.
• Collect excavation confirmation samples.
• Transport soils to disposal facility.
• Dispose of excavated soils in an appropriate off-site landfill without treatment.
• Backfill the excavation with clean, imported material.

This remedial alternative was considered at six PSCs: PSCs LF-03, FT-07E, DP-13, LF-14, and SD-
38. Remedial Alternative S-5 is not considered at this time for PSC LF-25, where ongoing operations will
provide a continuous source of contamination (fallout of metal shot from the active skeet range). Excavation
and disposal of impacted soils from PSC SS-42 is not reasonably implementable due to the depth of impact.

Remedial Alternative S-5 provides for the excavation and off-site disposal of all soils impacted with
COCs exceeding evaluation criteria detailed in the OU-1 FS. Confirmation samples would be collected at the
extent of excavation to ensure that all impacted material has been removed. Soils may be eligible for disposal
at either an industrial solid waste landfill or a hazardous waste (RCRA-permitted) landfill. The final disposal

decision will be made based on the concentration of specific constituents in the excavated soils and applicable
land disposal restrictions (LDRs).
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At PSC RW-02, where removal of the concrete encasement will eliminate potential future release to
the environment and will allow future obstruction-free development of the area, Remedial Alternative S-5 will
be applied with several unique considerations. The transportation of the container of low-level radioactive
waste will comply with all Nuclear Regulatory Commission (NRC) guidelines and, according to USAF policy,

the potential wastes will then be disposed at a licensed DoD-approved commercial disposal site (USAF 1989).

• Effectiveness. This alternative would effectively satisfy the RAOs by removing the concrete
encasement at PSC RW-02 and all impacted soils at the other PSCs. The disposal of impacted
soils without treatment will not reduce the toxicity or volume of the impacted soils. An
element of long-term liability is associated with off-site disposal of untreated wastes. A secure
landfill, designed to minimize the potential of a release to the environment, would be selected.

• Implementability. Excavation of soils to the target depth of 16 feet bgs is implementable at
each of the above-listed PSCs. Where present, above-ground or below-ground structures
reduce the implementability of this remedy, requiring engineered support of the structures
and/or demolition.

Because of the current industrial land usage of Luke AFB, the excavation and off-site disposal
alternative at the above-listed PSCs is not necessary at this time for protection of human health
and the environment. For PSC SD-38, implementation of Remedial Alternative S-5 would not
necessarily be done until after demolition of the overlying structures, and redevelopment of
the PSC for residential occupation.
Excavation and transportation of the impacted soils to the appropriate landfill are technically
implementable at the PSCs under consideration. Classification of waste and acceptance by
landfill operators are generally source-specific, but an appropriate landfill would be identified
for impacted soils. Implementation would require coordination of construction, excavation,
and operation activities so as not to interfere with Base operations.
At PSC RW-02, minor interruption to operations at the DRMO yard would be incurred for a
maximum of three days. Also, USAF regulations of radioactive waste disposal may restrict
the volume of waste or the scheduling of disposal. Upon excavation, the concrete must be
packaged appropriately for transportation.

• Cost. The capital cost of this alternative ranges from moderate to high, with no associated
O&M cost. The primary variables affecting the costs are the volume and waste classification
(i.e., hazardous/nonhazardous) of the soil, disposal restrictions, and relative ease of excavation.

3.8.6 S-6 - Excavation, Off-site Incineration, and Disposal

Remedial Alternative S-6 is applicable to PSC LF-14 where soils are impacted by PCBs. This
alternative has been identified by the USEPA as the presumptive treatment process for this classification of
waste. Remedial components include:
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• Determine area of impacted soils containing COCs in excess of evaluation criteria.
• Profile materials for disposal/obtain permits (as necessary).
• Excavate impacted soils.
• Transport soils to treatment/disposal facility.
• Treat excavated soils to reduce COC concentrations and/or mobility.
• Monitor the treated soils to confirm effectiveness.
• Dispose of treated soils in an appropriate off-site landfill.
• Backfill the excavation with clean, imported material.

Remedial Alternative S-6 consists of excavating soils with COCs above evaluation criteria to the depth
of impact, or a maximum of 16 feet bgs. A 16-foot maximum depth of excavation is based on the expectation
that human contact with soils below this depth is unlikely. Confirmation samples would be collected at the
extent of the excavation to ensure that impacted material has been removed. The excavated soils are then
brought to a facility where they are treated in a rotary kiln incinerator to destroy organic material in the soils.

Mobile incinerators are available to treat PCB-impacted soils; however, anticipated public opposition,
treatment unit availability, and relative cost favor off-site incineration. Also, in the case of PSC LF-14,
chromium impacts would still require off-site disposal following treatment; therefore, off-site incineration is
selected as the representative process option. While incineration is effective for soils containing petroleum
hydrocarbons, other alternatives that effectively treat hydrocarbons are applicable at a significantly lower cost.

Incineration generally provides greater than 99.99 percent destruction of organic contaminants and
permanently reduces the toxicity, mobility, and volume of hazardous materials contaminated with organic

compounds. The disadvantages of incineration typically are limited nationwide treatment capacity, strong
public opposition to this technology, and the potential for concentration of inorganic constituents in the
incinerator residue.

• Effectiveness. The Excavation, Off-site Incineration, and Disposal alternative incorporates
proven technologies for the treatment of PCBs found at PSC LF-14.

• Implementability. This alternative is technically and administratively implementable.

• Cost. The combined capital and O&M cost of this alternative is moderate to high.
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3.8.7 S-7 - Excavation. Off-site Thermal/Chemical Treatment, and Disposal

Remedial Alternative S-7 consists of excavation and treatment of the impacted soils off-site prior to
its disposal. Remedial components include:

• Determine area of impacted soils containing COCs in excess of evaluation criteria.
• Conduct treatability testing (as necessary).
• Profile materials for disposal/obtain permits (as necessary).
• Excavate impacted soils.
• Transport soils to treatment/disposal facility.
• Treat excavated soils to reduce COC concentrations and/or mobility by thermal or

chemical means.
• Monitor the treated soils to confirm effectiveness.
• Dispose of treated soils in an appropriate off-site landfill.
• Backfill the excavation with clean, imported material.

Remedial Alternative S-7 consists of excavating soils with COCs exceeding evaluation criteria to the
depth of impact, or a maximum of 16 feet bgs. A 16-foot maximum depth of excavation is based on the
expectation that human contact with soils below this depth is unlikely. Confirmation samples would be
collected at the extent of excavation to ensure that impacted material has been sufficiently removed. The

excavated soils are then brought to a facility where they are treated to reduce the concentration of COCs or
reduce their mobility through stabilization.

Remedial Alternative S-7 is being considered at PSCs FT-07E and SD-38 (fuel hydrocarbons), LF-03
(chromium), and DP-13 (lead and chromium), the only sites where excavation is feasible and the COCs may
be readily treated to reduce toxicity, mobility, or volume. In combining the ex-situ remedial technologies
Thermal Treatment and Chemical Treatment, Remedial Alternative S-7 will be applied differently depending
on the COCs present.
• Petroleum Hydrocarbons

In the case of petroleum hydrocarbons, off-site low temperature thermal desorption (L'lTD) has been
selected as the representative treatment option. For this remedial process, the excavated soils are brought to
a facility where they are subjected to mechanical agitation and elevated temperatures to reduce the TRPH
concentrations through enhanced volatilization of the contaminants. The vapor pressure of the contaminants

is effectively increased by this process. Prior to thermal treatment, the excavated soils may require screening
or shredding to eliminate large rocks or foreign materials that may foul the thermal desorber.
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The LTTD operation generates an off-gas stream containing water vapor, volatilized hydrocarbons, and
fine participates. Depending on the system utilized, the emissions from the desorber are controlled using an
air pollution control (APC) system typically consisting of filtration, adsorption, scrubbing, oxidation, or a
combination thereof to maintain compliance with applicable air regulations. Any residue or waste stream from
the APC may require subsequent treatment. The treated soils would be monitored to confirm treatment

effectiveness then taken to an off-site location for final disposal.

• Metals

Off-site ex-situ Solidification/Stabilization (S/S) has been selected as the representative chemical

treatment option for lead-, chromium-, and antimony-impacted soils found at selected PSCs. With this process,
the impacted soils are mixed with cementing agents and, possibly, proprietary additives to chemically bind the
COCs, reducing their teachability. Because no reduction in metals concentrations occurs and the risk
assessment conclusions are based on concentration, the treated soils are disposed off-site by this alternative.

The primary disadvantages of treatment by ex-situ S/S are the leaching potential of stabilized soils and bulking

of the soils, which contain both the treated soils and the stabilizing agent, resulting in a larger volume of
material requiring management.

• Effectiveness. The Excavation, Off-site Thermal/Chemical Treatment, and Disposal
Alternative incorporates proven technologies for the treatment of individual COCs found at
each of the PSCs.

• Implementability. This alternative is technically and administratively implementable at each
of the above-described PSCs. In some cases, the implementability of the excavation
component of the alternative is hampered by the position of an aboveground structure. Where
current conditions do not pose an unacceptable risk to current land uses, this alternative is
considered reasonable only after decommissioning of the structure for reasons other than
remediation.

• Cost. The combined capital and O&M cost of this alternative is moderate to high.

3.8.8 S-8 - Excavation. On-site Thermal/Chemical Treatment, and Disposal

The scope of this remedial alternative is similar to Remedial Alternative S-7, excepting the treatment
of the material on the Base instead of at an off-site facility. Remedial components include:
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• Determine area of impacted soils containing COCs in excess of evaluation criteria.
• Conduct treatability testing (as necessary).
• Excavate impacted soils.
• Treat impacted soils on-site by thermal or chemical means.
• Monitor the treated soils to confirm effectiveness.
• Return the treated soils to on-site location as fill material or transport soils off-site for

landfill disposal.

Remedial Alternative S-8 consists of excavating soils with COCs exceeding evaluation criteria to the

depth of impact, or a maximum of 16 feet bgs, as described previously. The scope of this remedial alternative
is similar to the scope of Remedial Alternative S-7, except for the on-site treatment of the material. Depending
on the COC, treated soils may be returned as clean fill or, alternatively, transported off-site for landfill disposal.
For petroleum hydrocarbons, treated soils will be disposed on-site. Post-treatment soils from metals-

contaminated sites and from PSC LF-14, which contains PCBs and metals at concentrations greater than
evaluation criteria, will be transported off-site for disposal. Off-site disposal of the metals is required because
the treatment will not significantly reduce the concentrations of these metals driving the risk-based evaluation.
Confirmation samples would be collected at the extent of excavation to ensure that impacted material has been
removed.

Remedial Alternative S-8 is being considered at PSCs FT-07E and SD-38 (fuel hydrocarbons), LF-03
(chromium), DP-13 (lead and chromium), LF-14, (PCBs and chromium), and LF-25 (lead and antimony), the
only sites where excavation is feasible and the COCs may be readily treated to reduce toxicity, mobility, or

volume. As with Remedial Alternative S-7, the ex-situ remedial technologies Thermal Treatment and

Chemical Treatment have been combined and Remedial Alternative S-8 will be applied differently depending
on the COCs present.

• Petroleum Hydrocarbons and PCBs

In the case of petroleum hydrocarbons and PCBs, on-site LTTD has been selected as the representative
thermal treatment option. For implementation of the LTTD process, a mobile thermal desorption unit is

assembled on-site and the excavated soils are brought to the unit. The desorber mechanically agitates the soils
and elevates temperatures to reduce the TRPH and PCB concentrations through enhanced volatilization of the

contaminants. The vapor pressure of the contaminants is effectively increased by this process. Because of
contaminant characteristics and permitting of equipment, separate desorption units are generally required to
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treat the two types of impact, TRPH and PCBs. Prior to thermal treatment, the excavated soils may require
screening or shredding to eliminate large rocks or foreign materials that may foul the thermal desorber.

The LTTD operation generates an off-gas stream containing water vapor, volatilized hydrocarbons and
fine particulates. Depending on the system utilized, the emissions from the desorber are controlled using an
APC system typically consisting of filtration, adsorption, scrubbing, oxidation, or a combination thereof to

maintain compliance with applicable air regulations. In the case of PCB treatment, oxidation would not be
considered as an APC because of the potential for hydrogen chloride emissions. Any residue or waste stream
from the APC may require subsequent treatment. The treated soils would be monitored to confirm treatment
effectiveness then disposed on-site, or in the case of PSC LF-14, taken to an off-site location for final disposal.

• Metals

On-site S/S has been selected as the representative chemical treatment option for lead-, chromium-, and
antimony-impacted soils found at selected PSCs. With this process, the impacted soils are mixed with
cementing agents and, possibly, proprietary additives to chemically bind the COCs reducing their leachability.

Because no reduction in metals concentrations occurs and the risk assessment conclusions are based on
concentration, the treated soils are disposed off-site by this alternative. The primary disadvantages of treatment
by S/S are the leaching potential of stabilized soils and bulking of the soils, which contain both the treated soils
and the stabilizing agent, resulting in a larger volume of material requiring management.

• Effectiveness. The Excavation, On-site Thermal/Chemical Treatment, and Disposal
Alternative incorporates proven technologies for the treatment of individual COCs found at
each of the PSCs. In contrast to Remedial Alternative S-7, on-site treatment of the
contaminated soils may result in increased exposure of Base workers during treatment of the
soils, although engineering controls would be used to minimize potential exposure.

• Implementability. This alternative is technically and administratively implementable at each
of the above-described PSCs. In some cases, the implem en lability of the excavation
component of the alternative is hampered by the position of an aboveground structure within
or adjacent to the impacted soils and adequate treatment capacity. Where current conditions
do not pose an unacceptable risk to current land uses, this alternative is considered reasonable
only after decommissioning of the structure for reasons other than remediation. On-site
treatment of PCB-impacted soils may not be acceptable.

• Cost. The combined capital and O&M cost of this alternative is moderate to high.
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3.8.9 S-9 - Excavation. On-site Biological Treatment, and Disposal

On-site aerobic biodegradation has been successfully performed at Luke AFB in the past. This
alternative was considered at PSCs FT-07E and SD-38, the only sites where excavation is feasible and the
COCs may be easily biodegraded. Remedial components include:

• Determine area of impacted soils containing COCs in excess of evaluation criteria.
• Conduct treatability testing (as necessary).
• Excavate impacted soils.
• Biologically treat excavated soils to reduce COC concentrations.
• Monitor the treated soils to confirm effectiveness.
• Return the effectively treated soils to on-site location as fill material.

Remedial Alternative S-9 consists of excavating soils with COCs above evaluation criteria to the depth
of impact, a maximum of 16 feet bgs. Confirmation samples will be collected at the extent of excavation to
ensure that all impacted material has been removed. The excavated soils will then be subjected to aerobic
biological treatment to reduce the TRPH concentrations. On-site treatment was selected as the representative
process option over off-site biological treatment because of slightly lower costs and demonstrated
effectiveness. The method of biological treatment may be composting, during which the soils are spread across

a surface and routinely aerated. Favorable conditions for biological degradation of the organic compounds will
be developed by providing nutrients (i.e., phosphorus or nitrogen), oxygen, moisture, and/or cultured bacteria
to the soils. Any air emission, residue, or leachate from the remedial process may require treatment. The

treatment of these process by-products will be determined in design investigation studies; however, recycling

of the by-products back into the treatment unit is a likely alternative. The treated soils will be monitored to
confirm treatment effectiveness then placed at another on-site location for final disposal.

• Effectiveness. This alternative may be effective for reducing TRPH found in the soils at PSCs
FT-07E and SD-38. This remedial alternative would be effective in the long-term in
protecting human health by reducing COC concentrations.

• Implementability. This alternative is technically and administratively implementable at PSCs
FT-07E and SD-38. At PSC SD-38, the implementability of the excavation component of the
alternative is hampered by the position of an aboveground structure adjacent to the impacted
soils. Because current conditions do not pose an unacceptable risk to current land uses, this
alternative is considered reasonable at PSC SD-38 only after decommissioning of the structure
for reasons other than remediation.

• Cost. This alternative has a low capital cost and moderate O&M cost.
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3.8.10 S-10 - Excavation. On-site Thermoplastic Solidification, and Reuse

This Remedial alternative was considered for use only at PSC LF-14 where PCB and chromium
impacted soils were found. Remedial components include:

• Determine area of impacted soils containing COCs in excess of evaluation criteria.
• Profile materials for disposal/obtain permits (as necessary).
• Conduct treatability testing (as necessary).
• Excavate impacted soil.
• Stabilize excavated soils to bind COCs and add structural properties.
• Incorporate stabilized soils as aggregate into an asphalt mix process.
• Monitor the treated soils to confirm effectiveness.
• Use asphalt product for conventional paving or resurfacing.
• Backfill the excavation with clean, imported material.

Remedial Alternative S-10 consists of excavating soil with COCs exceeding evaluation criteria to the
depth of impact, or a maximum of 16 feet bgs. Confirmation samples would be collected at the extent of
excavation to ensure that all impacted material has been removed. The excavated soils would first be stabilized

using a cementing agent, then incorporated into an asphalt production process for reuse. As an innovative
technology, performance data are not readily available; however this alternative has the potential for
comparable performance at significantly reduced cost, relative to other PCB alternatives.

The stabilization process may generate small quantities of off-gas, which will be treated utilizing an
APC system before being discharged to the atmosphere. If any, the residue from the APC may also require
subsequent treatment. The asphalt produced would be suitable for use as pavement or resurfacing material
either on-site or off-site.

• Effectiveness. This remedial alternative can be effective in reducing the mobility of the PCBs
and other organic and inorganic contaminants in soils. While the process does not reduce the
volume or toxicity of the contaminants, it produces a usable end-product that may be effective
in preventing contaminant exposure. On-site treatment using this alternative would be
monitored regularly to ensure treatment effectiveness. In the short-term, the on-site treatment
of Remedial Alternative S-10 increases exposure of site occupants to impacted soils while
treatment is being performed. Access restrictions and engineering controls (e.g., dust
suppression) would be used to minimize this exposure.

• Implementability. This alternative is technically and administratively implementable.
Mobile treatment units are available and treatment can be performed on-site. No disposal
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requirements apply because no waste is generated, except possibly for trace amounts of
residue. The primary disadvantages of treatment by Thermoplastic Solidification are the
uncertain leaching potential of stabilized soil and bulking of the soil, which contains both the
treated soil and the stabilizing agent, resulting in a larger volume of material requiring
management. Treatability testing would be required to verify performance of this alternative.

• Cost. The combined capital and O&M cost of this alternative is moderate.

3.8.11 S-ll - In-Situ Soil Vapor Extraction

Remedial Alternative S-11 consists of installing a network of extraction wells in the impacted soils and
applying a vacuum to the network. The remedial components include:

Install Soil Vapor Extraction (SVE) System.
• Monitor soil and groundwater (if necessary) to confirm effectiveness and potential

migration of the COCs.

Remedial Alternative S-l1 consists of installing a network of extraction wells in the impacted soils and
applying a vacuum to the network. The vacuum induces a pressure gradient that propagates laterally, resulting
in soil-gas migration toward the extraction well. The removal of impacted vapors and recharge from non-

impacted soil areas results in volatilization of adsorbed organics. Extracted vapors are treated before being
discharged to the atmosphere. Vapor-phase carbon adsorption and oxidation are potential vapor treatment
systems. Vapor extraction systems require periodic maintenance to ensure efficient operation. The carbon
would require periodic reactivation, which would occur off-site by the carbon provider. Oxidation systems

typically require supplemental fuel to support combustion and regular maintenance.

This remedial alternative is being considered at PSCs FT-07E and SS-42, the only sites where the

nature of the impact is conducive to SVE. At PSC SS-42, the source of impact, analytical results, and current
performance data suggest the applicability of SVE to the site. At PSC FT-07E, analytical results also indicate
the presence of BTEX. It is anticipated that SVE will address the lighter molecular-weight fraction of
hydrocarbons that are present at PSC FT-07E.

• Effectiveness. This process has been applied to a range of organics and is capable of
removing volatile range TRPH. This remedial alternative would be effective in the long-term
in protecting human health and the environment by removing the impacts from the soil. This
measure would not prevent contact with soils in the short-term if surface soils are exposed.
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• Implementability. This alternative is technically and administratively implementable. Both
vapor extraction and off-gas treatment systems are readily available as off-the-shelf items.
These systems can be installed with subsurface piping to minimize disruption to ongoing site
operations. Vapor extraction systems have been tested at both PSCs under consideration for
this remedial alternative. An SVE system is currently in operation at PSC SS-42 as part of the
ongoing biotreatability study.

• Cost. The capital cost of this alternative is low to moderate. O&M costs are also low to
moderate.

3.8.12 S-12 - In-Situ Aerobic Biodegradation

This remedial alternative consists of using indigenous or introduced aerobic bacteria to degrade organic
compounds in soils. Remedial components include:

• Install injection or extraction system to foster in-situ bioremediation.
• Monitor soils and groundwater (if necessary) to confirm effectiveness and potential

migration of the COCs.

This remedial alternative is being considered at PSCs FT-07E and SS-42, the only sites where the

nature of the impact is conducive to biodegradation. The natural biodegradation process is typically enhanced

by elevating oxygen levels within the impacted soils by injecting ambient air. Where conditions dictate,

nutrients (generally phosphorous and/or nitrogen sources), moisture, or bacterial populations can be added to

optimize degradation rates. Such injection would require a network of injection wells in the impacted areas.

The potential for enhanced aerobic degradation of the residual-phase hydrocarbons was tested at PSC

SS-42 through a bioventing pilot study. This study determined that the natural conditions at the site were not

conclusively favorable for this technology's successful application. Specifically, the degradation rates

calculated for this area were very low. The low observed degradation rates were attributed to low moisture

content in the soils and low hydrocarbon concentrations in the soil intervals containing the soil-gas monitoring

points (Geraghty & Miller, Inc. 1996c; ARE #178). At PSC SS-42, where potential impact to groundwater

is a concern, groundwater monitoring would be conducted as a measure of this alternative's effectiveness.

• Effectiveness. In-situ bioremediation has been documented to be effective in treating TRPH
impacted soils in a number of environmental settings. Despite this technology's performance
at other sites, this remedial alternative was not documented to be effective under certain
conditions found at Luke AFB. Uncertainty exists regarding the technology's effectiveness
under conditions found at the noted PSCs.
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• Implementability. This alternative is technically and administratively implementable. The
installation of this system would not be disruptive to ongoing activities at the base.

• Cost. The capital cost of this alternative is low, typically not requiring off-gas collection and
treatment. O&M costs are low to moderate.

3.9 COMPARATIVE ANALYSIS OF REMEDIAL ALTERNATIVES

After the twelve remedial alternatives (S-l through S-12) were established, a detailed analysis was

conducted to determine which alternative is most appropriate for a given site. Because the types of

environmental impacts vary form site to site, not every alternative was included in the detailed analysis for each
site. Only those alternatives applicable to the individual site characteristics were used. Table 3-62 provides
a matrix illustrating the remedial alternatives that were included in the detailed analysis of the eight sites.

The detailed analysis consisted of comparing the applicable remedial alternatives to the nine Superfund

evaluation criteria listed below. The alternative which best satisfies these nine criteria was selected for

implementation.

1. Overall Protection of Human Health and the Environment.
2. Compliance with Applicable or Relevant and Appropriate Requirements (ARARs).
3. Long-term Effectiveness and Permanence.
4. Short-term Effectiveness.
5. Reduction of Toxiciry, Mobility, or Volume Through Treatment.
6. Implementability.
7. Costs.
8. State Acceptance.
9. Community Acceptance.

The first two criteria are considered threshold criteria and must be met of an alternative to be selected

form implementation. Criteria 3 through 7 are considered primary balancing criteria and are used to rank

alternatives that satisfy the threshold criteria. The final two criteria are considered modifying criteria and are

considered after public comment period has ended.

Table 3-63 provides a matrix showing whether implementation of the remedial alternative will satisfy

chemical-specific ARARs. Table 3-63 also shows which action- and location-specific ARARs will apply.
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3.9.1 PSC RW-Q2

At PSC RW-02, Remedial Alternatives S-l (No Action), S-2 (Institutional Controls), and S-5

(Excavation and Off-site Disposal) were considered. A comparison of each of the remedial measures with
respect to the nine evaluation criteria is provided in the following sections.

3.9.1.1 Overall Protection of Human Health and the Environment

• Remedial Alternative S-5 is most protective of human health and environment by removing
the potential source of risk and rendering the site essentially impact-free. The disposal site will
be a facility designed to contain radioactive waste and will maintain a protective environment.

• Remedial Alternative S-2 is protective of human health and the environment and satisfies all
regulatory standards of protection by preventing disruption to the concrete encasement.

• Remedial Alternative S-1 is adequately protective of human health and the environment but
does not protect against disruption of the concrete encasement and a potential future impact.

3.9.1.2 Compliance With ARARs

• Remedial Alternative S-5 meets all location-specific ARARs. Action-specific ARARs
regarding low-level radioactive material handling and disposal will be followed. There are no
chemical-specific ARARS because radionuclides were not identified as COCs. By removing
the source of potential contamination and preventing a future release on site, this alternative
ensures future compliance with ARARs.

• Remedial Alternatives S-l and S-2 meet location-specific ARARs. There are no chemical-
specific ARARS because, radionuclides were not identified as COCs.

3.9.1.3 Long-term Effectiveness and Permanence

• Remedial Alternative S-5 provides the highest degree of long-term effectiveness because it
removes the source of potential risk. It does transfer a minimal amount of risk to the disposal
facility; however, the standard of protection at a licensed facility exceeds the level of the
existing burial condition.

• Remedial Alternative S-2 provides long-term effectiveness for the prevention of contaminant
exposure by preventing disruption to the buried waste and providing a monitoring system to
detect releases.

• Remedial Alternative S-l is also effective in the long term, although to a lesser degree than
Remedial Alternatives S-2 and S-5.
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3.9.1.4 Short-term Effectiveness

• Remedial Alternatives S-l and S-2 provide equivalent short-term effectiveness. Neither
alternative will result in disruption to the site and the Base-wide Risk Assessment has
concluded that current conditions do not present unacceptable risk.

• Remedial Alternative S-5 is least effective in the short term because it involves excavation and
handling of the material during transportation and disposal. This measure provides for the
potential of increased exposure to radioactivity during implementation.

3.9.1.5 Reduction of Toxicity, Mobility, or Volume Through Treatment

• Remedial Alternative S-5 does not reduce toxicity or volume but does reduce potential
mobility of radioactive material by containment in a controlled environment designed to
prevent migration or release of radioactivity at a licensed/permitted off-site facility. While no
active reduction in toxicity takes place, radioactivity inherently decays with time.

• While Remedial Alternatives S-1 and S-2 do not actively reduce toxicity, mobility, or volume,
radioactivity inherently decays with time.

3.9.1.6 Implementability

• Remedial Alternative S-1 is the most implementable, requiring no effort and no disruption to Base
activities. Because no risk exists at the site, this alternative may be the most administratively
implementable.

• Remedial Alternative S-2 is only slightly less implementable than Remedial Alternative S-l,
requiring minimal effort and disruption to Base activities. Periodic monitoring must be conducted
as part of this alternative.

• Remedial Alternative S-5 is implementable from a technical standpoint. Qualified and properly
licensed contractors must be identified to manage the excavation and disposal of the waste
material. The waste must also be characterized, either through historical records or waste
inspection, prior to arranging for disposal; however, these tasks do not limit the implementability
of Remedial Alternative S-5.

3.9.1.7 Cost

The alternatives, ranked in order of increasing costs, are S-l, S-2, and S-5. The costs range from

$93,000 for Remedial Alternative S-1, No Action (Monitoring only), to approximately $428,000, for Remedial

Alternative S-5, Excavation and Off-site Disposal.



FINALOU-1ROD
Luke AFB, Arizona

20 January 1999
Page 3-125

3.9.1.8 State Acceptance

Based on preliminary discussions held during the development of the FS, Remedial
Alternatives S-2 and S-5 are acceptable to the regulatory agencies.
Remedial Alternative S-l was not discussed specifically with the regulatory agencies,
therefore, State Acceptance is uncertain.

3.9.1.9 Community Acceptance

• The RAB review of the Draft version of the OU-1 FS indicated that Remedial Alternative S-2
is acceptable to the community.

• While Remedial Alternatives S-l and S-5 were not specifically addressed during the RAB
meeting, no comments were received regarding these alternatives. Community Acceptance
of these alternatives is not determined.

3.9.2 PSC LF-03

At PSC LF-03, Remedial Alternatives S-l (No Action), S-2 (Institutional Controls), S-5 (Excavation
and Off-site Disposal), S-7 (Excavation, Off-site Thermal/Chemical Treatment, and Disposal), and S-8

(Excavation, On-site Thermal/Chemical Treatment, and Disposal) are under consideration. A comparison of
each of the remedial measures with respect to the nine evaluation criteria is provided in the following sections.

3.9.2.1 Overall Protection of Human Health and the Environment

• Remedial Alternatives S-7 and S-8 are equally protective of human health and environment
since the contaminated soils are removed and treated aboveground. Excavated soils potentially
containing hexavalent chromium are also stabilized, reducing the potential for additional
migration of this COC.

• Remedial Alternative S-5 is slightly less protective of human health and the environment than
Remedial Alternatives S-7 and S-8, because the impacted soil is disposed without treatment.
Disposal, however, would only be conducted at a secure facility designed to prevent the
migration of contaminants into the environment.

• Remedial Alternative S-2 is protective of human health and the environment to a lesser extent
but satisfies all regulatory standards of protection by eliminating residential exposure.

• Remedial Alternative S-l is not adequately protective of human health. However, with
additional characterization of the soils to determine the chromium valence state, the No Action
alternative may be adequately protective of human health and the environment.
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3.9.2.2 Compliance With ARARs

• Remedial Alternatives S-5, S-7, and S-8 meet all chemical-specific ARARs. These
alternatives incorporate location- and action-specific ARARs where necessary.

• Remedial Alternative S-2 meets the chemical-specific ARARs for non-residential land use.

• Remedial Alternative S-l does not meet chemical-specific ARARs for residential land use
based on the assumption of hexavalent chromium.

3.9.2.3 Long-term Effectiveness and Permanence

• The removal and/or treatment alternatives (S-5, S-7, and S-8) provide the highest degree of
long-term effectiveness because they remove the impact or source of risk.

• Remedial Alternative S-2 provides long-term effectiveness for the prevention of contaminant
exposure in that enforceable land use restrictions prohibiting residential development will
remain with the property for the foreseeable future.

• Remedial Alternative S-l does not provide long-term effectiveness.

3.9.2.4 Short-term Effectiveness

• Remedial Alternatives S-l and S-2 provide the greatest short-term effectiveness in that they
result in no disruption to the site, and the risk assessment indicates that current conditions do
not present unacceptable risk.

• Remedial Alternatives S-5, S-7, and S-8 are less effective in the short term because they
involve excavation and handling of the soil during treatment and/or transportation/disposal.
These measures provide for increased exposure to the COCs during remediation activity.

3.9.2.5 Reduction of Toxicity, Mobility, or Volume Through Treatment

• Remedial Alternatives S-7 and S-8 reduce the mobility of the COCs, although volume and
toxicity are not affected.

• Remedial Alternative S-5 does not reduce toxicity or volume but does reduce mobility by
containing impacted soil in a controlled landfill environment designed to prevent migration.

• Remedial Alternatives S-l and S-2 do not reduce toxicity, mobility, or volume.
3.9.2.6 Implementability

• Remedial Alternative S-2 is the most implementable, requiring minimal effort and no
disruption to Base activities.
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Remedial Alternatives S-5 and S-7 are technically implementable in that they both involve a
single excavation, transportation, and backfill event and are very short in duration.
Remedial Alternative S-8, which requires the siting or construction of an on-site treatment
facility, would be most disruptive to ongoing activities.
Remedial Alternative S-l is unlikely to be administratively implementable because it is not
adequately protective of human health and the environment.

3.9.2.7 Cost

The alternatives, ranked in order of increasing costs, are S-l, S-2, S-8, S-5, and S- The costs range
from $0 for Remedial Alternatives S-1 and S-2 to approximately $25,415,000 for Remedial Alternative S-7.

3.9.2.8 State Acceptance

• Based on preliminary discussions held during the development of the FS, Remedial
Alternatives S-2, S-5, S-7, and S-8 are acceptable to the regulatory agencies.

• Because of its inability to provide adequate protection of health, Remedial Alternative S-l is
unlikely to be acceptable to the regulatory agencies.

3.9.2.9 Community Acceptance

• The RAB review of the Draft version of the FS indicated that Remedial Alternative S-2 is
acceptable to the community.

• While Remedial Alternatives S-5, S-7, and S-8 were not specifically addressed during the
RAB meeting, no comments were received regarding these alternatives and Community
Acceptance of these alternatives is not determined.

• While Remedial Alternative S-l was not specifically discussed with or commented upon by
the RAB, Community Acceptance of the No Action alternative is unlikely.

3.9.3 PSC FT-07E

At PSC FT-07E, Remedial Alternatives S-l (No Action), S-2 (Institutional Controls), S-5 (Excavation
and Off-site Disposal), S-7 (Excavation, Off-site Thermal/Chemical Treatment, and Disposal, S-8 (Excavation,
On-site Thermal/Chemical Treatment, and Disposal), S-9 (Excavation, On-site Biological Treatment, and
Disposal), S-ll (In-situ Soil Vapor Extraction), and S-l2 (In-situ Aerobic Biodegradation) are under
consideration. A comparison of each of the remedial measures with respect to the nine evaluation criteria is
provided in the following sections.
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3.9.3.1 Overall Protection of Human Health and the Environment

• Remedial Alternatives S-5, S-7, S-8, and S-9 are all equally protective of human health at the
site. These options achieve the greatest level of protection by removal or aboveground
treatment of contaminated soils, rendering the site essentially impact-free.

• Remedial Alternative S-l 1 provides the next highest degree of protection by removing or
treating the contaminant in-situ through enhanced volatilization, thereby reducing the impact
concentration to acceptable levels. As an in-situ measure, this alternative is less likely to
achieve the degree of remediation realized in ex-situ actions.

• Remedial Alternative S-12 may provide protection equivalent to Remedial Alternative S-11;
however, site-specific data obtained to-date do not conclusively support the viability of
enhanced aerobic biodegradation.

• Remedial Alternative S-2 is protective of human health to a lesser extent and satisfies all
regulatory standards of protection by eliminating the exposure pathway to an at-risk receptor.

• Remedial Alternative S-l is not adequately protective of human health.

3.9.3.2 Compliance With ARARs

Remedial Alternatives S-5, S-7, S-8, S-9, S-11, and S-12 meet all chemical-specific ARARs.
Likewise, these alternatives incorporate location- and action-specific ARARs where necessary.

• Remedial Alternative S-2 meets chemical-specific ARARs for non-residential land uses.
• Remedial Alternative S-l does not meet chemical-specific ARARs.

3.9.33 Long-term Effectiveness and Permanence

The removal and/or treatment alternatives (S-5, S-7, S-8, S-9, S-l 1, and S-l2) provide the
highest degree of long-term effectiveness because they remove or reduce the contaminant or
source of risk.

• Remedial Alternative S-2 provides long-term effectiveness for the prevention of contaminant
exposure in that enforceable land use restrictions prohibiting residential development will
remain with the property for the foreseeable future.

• Remedial Alternative S-l does not provide long-term effectiveness.

3.93.4 Short-term Effectiveness

• Remedial Alternatives S-l and S-2 provide the greatest short-term effectiveness in that they
result in no disruption to the site, and the risk assessment indicates that current conditions do
not present unacceptable risk.
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• Remedial Alternatives S-ll and S-12 provide the next highest degree of short-term
effectiveness because they impose only minimal potential exposure to the hydrocarbon impacts
during system installation and operation.

• Remedial Alternatives S-5, S-7, S-8, and S-9 are less effective in the short-term because they
involve excavation and handling of the soil during treatment and/or transportation/disposal.
These measures provide for potentially increased exposure to the hydrocarbons during
remediation activity.

3.9.3.5 Reduction of Toxicity, Mobility, or Volume Through Treatment

• Remedial Alternatives S-7, S-8, and S-9 reduce toxicity, mobility, and volume to the greatest
extent by separating the contaminant from the soil and ultimately destroying or concentrating
the recovered hydrocarbons.

• Remedial Alternative S-11 removes volatile hydrocarbons from the soil effectively. Higher
molecular weight hydrocarbons may not be effectively treated using this technology, although
aerobic biodegradation of the hydrocarbons may be enhanced as a result of elevated oxygen
levels created by the SVE system.

• Remedial Alternative S-12 biodegrades the residual hydrocarbons. However, as an in-situ
measure, it may not be capable of reducing concentrations as effectively as ex-situ methods
and, therefore, may not reduce volume or toxicity to the same extent as other treatment
alternatives.

• Remedial Alternative S-5 does not reduce toxicity or volume but does reduce potential
hydrocarbon mobility by containing impacted soil in a controlled landfill environment
designed to prevent migration.

• Remedial Alternatives S-1 and S-2 do not actively reduce toxicity, mobility, or volume of
hydrocarbon concentrations.

3.9.3.6 Implementability

• Remedial Alternative S-2 is the most implementable, requiring minimal effort and no
disruption to Base activities.

• In-situ treatment alternatives S-11 and S-12 are also easily implemented and involve only
moderate activity at the site.

• Remedial Alternatives S-5 and S-7 are readily implementable in that they involve a single
excavation, transportation, and backfill event and are very short in duration. No known
aboveground or below-ground structures would reduce the implementability of these
alternatives.

• Remedial Alternatives S-8 and S-9 require the siting or construction of an on-site treatment
facility and would be most disruptive to Base activities.
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Remedial Alternative S-l is unlikely to be administratively implementable because it is not
adequately protective of human health.

3.9.3.7 Cost

The alternatives, ranked in order of increasing costs, are S-1, S-2, S-12, S-5, S-7, S-9, S-8, and S-11.

The costs range from $0 for Remedial Alternatives S-l and S-2 to approximately $106,000 for Remedial
Alternative S-l 1, In-situ SVE.

3.9.3.8 State Acceptance

• Based on preliminary discussions held during the development of the FS, Remedial
Alternatives S-2, S-5, S-7, S-8, S-9, S-l 1, and S-l2 are acceptable to the regulatory agencies.

• It is unlikely that Remedial Alternative S-l will be acceptable to the regulatory agencies
because Remedial Alternative S-l cannot provide adequate protection of human health.

3.93.9 Community Acceptance

• The RAB review of the Draft version of the FS indicated that Remedial Alternative S-2 is
acceptable to the community.

• While Remedial Alternatives S-5, S-7, S-8, S-9, S-ll, and S-12 were not specifically
addressed during the RAB meeting, no comments were received regarding these alternatives
and Community Acceptance of these alternatives is not determined.

• While Remedial Alternative S-l was not specifically discussed with or commented upon by
the RAB, Community Acceptance of the No Action alternative is unlikely.

3.9.4 PSC DP-13

At PSC DP-13, Remedial Alternatives S-l (No Action), S-2 (Institutional Controls), S-5 (Excavation
and Off-site Disposal), S-7 (Excavation, Off-site Thermal/Chemical Treatment, and Disposal), and S-8
(Excavation, On-site Thermal/Chemical Treatment, and Disposal) are under consideration. A comparison of
each of the remedial measures with respect to the nine evaluation criteria is provided in the following sections.

3.9.4.1 Overall Protection of Human Health and the Environment

• Remedial Alternatives S-5, S-7, and S-8 are all equally protective of human health at the site.
These options achieve the greatest level of protection by removal and disposal or aboveground
treatment of contaminated soils, rendering the site essentially impact-free.
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• Remedial Alternative S-2 is protective of human health and the environment to a lesser extent
and satisfies all regulatory standards of protection by eliminating the exposure pathways.

• Remedial Alternative S-l is not adequately protective of human health.

3.9.4.2 Compliance With ARARs

• Remedial Alternatives S-5, S-7, and S-8 meet all chemical-specific ARARs. Likewise, these
alternatives incorporate location- and action-specific ARARs where necessary.

• While Remedial Alternative S-2 does not meet chemical-specific ARARs for non-residential
land uses, institutional controls are proposed to protect at-risk receptors.

• Remedial Alternative S-l does not meet chemical-specific ARARs.

3.9.4.3 Long-term Effectiveness and Permanence

• The removal and/or treatment alternatives (S-5, S-7, and S-8) provide the highest degree of
long-term effectiveness because they remove the impact or source of risk.

• Remedial Alternative S-2 provides long-term effectiveness for the prevention of contaminant
exposure for residential and non-residential land uses in that enforceable land use restrictions
prohibiting residential development will remain with the property for the foreseeable future.

• Remedial Alternative S-l does not provide long-term effectiveness.
3.9.4.4 Short-term Effectiveness

• Remedial Alternatives S-l and S-2 provide the greatest short-term effectiveness in that they
result in no disruption to the site, and the risk assessment indicates that current conditions do
not present unacceptable risk.

• Remedial Alternatives S-5, S-7, and S-8 are less effective in the short-term because they
involve excavation and handling of the soil during treatment and/or transportation/disposal.
These measures provide for increased exposure to the COCs during remediation activity.

3.9.4.5 Reduction of Toxicity, Mobility, or Volume Through Treatment

• Remedial Alternatives S-7 and S-8 reduce the mobility of COCs, although volume and toxicity
are not affected.

• Remedial Alternative S-5 does not reduce toxicity or volume but does reduce mobility by
containing impacted soil in a controlled landfill environment designed to prevent migration.

• Remedial Alternatives S-l and S-2 do not actively reduce toxicity, mobility, and volume, as
they do not provide treatment measures.
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3.9.4.6 Implementability

Remedial Alternative S-2 is the most implementable, requiring minimal effort and no
disruption to Base activities.
Remedial Alternatives S-5 and S-7 are readily implementable. Both involve a single
excavation, transportation, and backfill event and are short in duration. No known above-
ground or below-ground structures would reduce the implementability of these alternatives.
Remedial Alternative S-8, which requires the siting or construction of an on-site treatment
facility, would be most disruptive to Base activities.
Remedial Alternative S-l is unlikely to be administratively implementable because it is not
adequately protective of human health.

3.9.4.7 Cost

The alternatives, ranked in order of increasing costs, are S-l, S-2, S-8, S-5, and S- The costs range

from $0 for Remedial Alternatives S-l and S-2 to approximately $497,000 for Remedial Alternative S-7,
Excavation, Off-site Thermal/Chemical Treatment, and Disposal.

3.9.4.8 State Acceptance

• Based on preliminary discussions held during the development of the FS, Remedial
Alternatives S-2, S-5, S-7, and S-8 are acceptable to the regulatory agencies.

• It is unlikely that Remedial Alternative S-l will be acceptable to the regulatory agencies.

3.9.4.9 Community Acceptance

• The RAB review of the Draft version of the FS indicated that Remedial Alternative S-2 is
acceptable to the community.

• While Remedial Alternatives S-5, S-7, and S-8 were not specifically addressed during the
RAB meeting, no comments were received regarding these alternatives and Community
Acceptance of these alternatives is not determined.

• While Remedial Alternative S-l was not specifically discussed with or commented upon by
the RAB, Community Acceptance of the No Action alternative is unlikely.

3.9.5 PSC LF-14

At PSC LF-14, Remedial Alternatives S-l (No Action), S-2 (Institutional Controls), S-5 (Excavation
and Off-site Disposal), S-6 (Excavation, Off-site Incineration, and Off-site Disposal), S-8 (Excavation, On-site
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Thermal/Chemical Treatment, and Disposal), and S-10 (Excavation, On-site Thermoplastic Solidification, and
Reuse) are under consideration. A comparison of remedial measures is provided in the following sections.

3.9.5.1 Overall Protection of Human Health and the Environment

• Remedial Alternatives S-5, S-6, S-8, and S-10 are all equally protective of human health and
environment at the site. These options achieve the greatest level of protection by removal or
aboveground treatment of contaminated soils, rendering the site essentially impact-free.

• Remedial Alternative S-2 is protective of human health and the environment to a lesser extent
and satisfies all regulatory standards of protection by eliminating the exposure pathway.

• Remedial Alternative S-1 is not adequately protective of human health and the environment.

3.9.5.2 Compliance With ARARs

• Remedial Alternatives S-5, S-6, S-8, and S-10 meet all chemical-specific ARARs. Likewise,
these alternatives incorporate location- and action-specific ARARs where necessary.

• Remedial Alternative S-2 meets chemical-specific ARARs for non-residential land uses.

• Remedial Alternative S-l does not meet chemical-specific ARARs for residential land uses.

3.9.5 J Long-term Effectiveness and Permanence

• The removal and/or treatment alternatives (S-5, S-6, S-8, and S-10) provide the highest degree
of long-term effectiveness because they remove or reduce the impact or source of risk.

• Remedial Alternative S-2 provides long-term effectiveness for the prevention of contaminant
exposure in that enforceable land use restrictions prohibiting residential development will
remain with the property for the foreseeable future.

• Remedial Alternative S-l does not provide long-term effectiveness.

3.9.5.4 Short-term Effectiveness

• Remedial Alternatives S-l and S-2 provide the greatest short-term effectiveness in that they
result in no disruption to the site, and the current conditions do not present unacceptable risk.

• Remedial Alternatives S-5, S-6, S-8, and S-10 are less effective in the short term because they
involve excavation and handling of the soil during treatment and/or transportation/disposal.
These measures provide for increased exposure to the COCs during remediation activity.
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3.9.5.5 Reduction of Toxicity, Mobility, or Volume Through Treatment

Remedial Alternative S-6 reduces toxicity, mobility, and volume to the greatest extent by
destroying the organic contaminants. Inorganic impact will remain in the treated soil, but
migration will be controlled in an appropriate landfill.

Remedial Alternative S-8 reduces toxicity, mobility, and volume to a lesser degree by
separating the contaminant from the soil and ultimately destroying or concentrating the
recovered organic compounds. Inorganic impact will remain in the treated soil, but migration
will be controlled in an appropriate landfill.

Remedial Alternatives S-5 and S-10 do not reduce toxicity or volume but do reduce potential
mobility of COCs. Remedial Alternative S-5 contains impacted soil in a controlled landfill
environment designed to prevent migration, while Remedial Alternative S-10 immobilizes
impacted soil in an asphalt mix.
Remedial Alternatives S-1 and S-2 do not actively reduce toxicity, mobility, and volume, of
organic compound concentrations.

3.9.5.6 Implementability

Remedial Alternative S-2 is the most implementable, requiring minimal effort and no
disruption to Base activities.

Remedial Alternatives S-5 and S-6 are readily implementable in that they both involve a single
excavation, transportation, and backfill event and are very short in duration.
Remedial Alternatives S-8 and S-10 which require the siting or construction of an on-site
treatment facility, would be most disruptive to Base activities.
Remedial Alternative S-1 is unlikely to be administratively implementable because it is not
adequately protective of human health.

3.9.5.7 Cost

The alternatives, ranked in order of increasing costs, are S-1, S-2, S-10, S-5, S-8, and S-6. The costs

range from $0 for Remedial Alternatives S-1 and S-2 to approximately $13,814,000 for Remedial Alternative
S-6, Excavation, Off-site Incineration, and Disposal.

3.9.5.8 State Acceptance

• Based on preliminary discussions held during the development of the FS, Remedial
Alternatives S-2, S-5, S-6, S-8, and S-10 are acceptable to the regulatory agencies.

• It is unlikely that Remedial Alternative S-1 will be acceptable to the regulatory agencies.
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3.9.5.9 Community Acceptance

• The RAB review of the Draft version of the FS indicated that Remedial Alternative S-2 is
acceptable to the community.

• While Remedial Alternatives S-5, S-6, S-8, and S-10 were not specifically addressed during
the RAB meeting, no comments were received regarding these alternatives and Community
Acceptance of these alternatives is not determined.

• While Remedial Alternative S-l was not specifically discussed with or commented upon by
the RAB, Community Acceptance of the No Action alternative is unlikely.

3.9.6 PSC LF-25

Remedial Alternatives S-1 (No Action), S-2 (Institutional Controls), S-4 (Institutional Controls and Ex-
situ Physical Treatment/ Metals Recovery), S-7 (Excavation, Off-site Thermal/Chemical Treatment, and Off-
site Disposal), and S-8 (Excavation, On-site Thermal/Chemical Treatment, and Disposal) were considered for
PSC LF-25. A comparison of each of the remedial measures with respect to the nine evaluation criteria is
provided in the following sections.

3.9.6.1 Overall Protection of Human Health and the Environment

• Remedial Alternative S-4, institutional controls with ex-situ physical treatment/metals
recovery, is the most protective of human health and the environment. This alternative
satisfies all regulatory standards of protection by removing the existing contaminants from the
soil. Additionally, institutional controls will limit future exposure to any contamination that
may result from the continued operation of the skeet shooting range.

• Remedial Alternatives S-7 and S-8 are both equally protective of human health and
environment but to a lesser extent than Remedial Alternative S-4. These options both achieve
protection of human health by removal and aboveground treatment of contaminated soils,
rendering the site essentially impact-free immediately after the treatment components are
implemented. However, neither of these alternatives protect against future exposure to
contaminated soil that may result from continued operation of the adjacent skeet shooting
range.

• Remedial Alternative S-2 is protective of human health to a lesser extent than Remedial
Alternatives S-4, S-7, and S-8 because current levels of contamination are not eliminated or
reduced. However, Remedial Alternative S-2 does satisfy all regulatory standards of
protection by eliminating and/or managing exposure to the contaminated soil.

• Remedial Alternative S-l is not adequately protective of human health and the environment.
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3.9.6.2 Compliance With ARARs

• Remedial Alternatives S-4, S-7, and S-8 meet all chemical-specific ARARs. These
alternatives incorporate location- and action-specific ARARs where necessary.

• Remedial Alternatives S-1 and S-2 do not meet chemical-specific ARARs for non-residential
land uses.

3.9.6.3 Long-term Effectiveness and Permanence

• Remedial Alternative S-4 provides the highest degree of long-term effectiveness because it
actively removes existing contaminants from the soil and provides mechanisms to prevent
and/or manage future exposure to any contaminants that may result from continued operation
of the adjacent skeet shooting range.

• The removal and/or treatment alternatives (S-7 and S-8) provide a high degree of long-term
effectiveness because they remove the existing impact and source of risk, however, they do not
provide mechanisms to prevent exposure to any future contamination that may result from
continued operation of the adjacent skeet shooting range.

• Remedial Alternative S-2 provides long-term effectiveness in that enforceable regulations that
limit future land usage and provide protection to potential future excavation workers will
remain with the property. However, existing contaminant levels are not reduced or eliminated.

• Remedial Alternative S-l is not effective for the protection of future excavation workers and,
therefore, does not provide long-term effectiveness.

3.9.6.4 Short-term Effectiveness

• Remedial Alternatives S-2, S-4, S-7, and S-8 are all effective in the short term because they
either provide for institutional controls that protect excavation workers or they physically
remove the contaminants from the site. However, the excavation and handling of the soil
during treatment and/or transportation/disposal provide for increased exposure to the COCs
during remediation activity.

• Remedial Alternative S-l is not effective for the protection of excavation workers and,
therefore, does not provide short-term effectiveness.

3.9.6.5 Reduction of Toxicity, Mobility, or Volume Through Treatment

• Remedial Alternative S-4 is most effective in reducing toxicity, mobility, and volume because
it involves recycling the metals involved, which consist of shot containing lead and antimony.

• Remedial Alternatives S-7 and S-8 reduce the mobility of COCs, although volume and toxicity
are not affected.
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Remedial Alternatives S-l and S-2 do not actively reduce toxicity, mobility, and volume, as
they do not provide treatment measures.

3.9.6.6 Implementability

Remedial Alternatives S-4, and S-7 are readily implementable in that they both involve a
single excavation, transportation/treatment, and backfill event and are very short in duration.
Remedial Alternative S-8, which requires the siting or construction of an on-site treatment
facility, would be most disruptive to Base activities.

Remedial Alternative S-2 is technically implementable, but the administrative
implementability is uncertain because of the potential risk to excavation workers.
Remedial Alternative S-l is unlikely to be administratively implementable because it is not
adequately protective of human health.

3.9.6.7 Cost

The alternatives, ranked in order of increasing costs, are S-l, S-2, S-4, S-8, and S-7. The costs range
from $0 for Remedial Alternatives S-l and S-2 to approximately $5,673,000 for Remedial Alternative S-7,
Excavation, Off-site Thermal/Chemical Treatment, and Disposal.

3.9.6.8 State Acceptance

• Based on preliminary discussions held during the development of the FS, Remedial
Alternatives S-4, S-7, and S-8 are acceptable to the regulatory agencies.

• Remedial Alternative S-2 was not discussed specifically with the regulatory agencies,
therefore, State Acceptance is uncertain.

• It is unlikely that Remedial Alternative S-l will be acceptable to the regulatory agencies.

3.9.6.9 Community Acceptance

• The RAB review of the Draft version of the FS indicated that Remedial Alternative S-4 is
acceptable to the community.

• While Remedial Alternatives S-2, S-7, and S-8 were not specifically addressed during the
RAB meeting, no comments were received regarding these alternatives and Community
Acceptance of these alternatives is not determined.

• While Remedial Alternative S-l was not specifically discussed with or commented upon by
the RAB, Community Acceptance of the No Action alternative is unlikely.
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3.9.7 PSC SD-38

At PSC SD-38, Remedial Alternatives S-l (No Action), S-2 (Institutional Controls), S-5 (Excavation

and Off-site Disposal), S-7 (Excavation, Off-site Thermal/Chemical Treatment, and Disposal), S-8
(Excavation, On-site Thermal/Chemical Treatment, and Disposal), and S-9 (Excavation, On-site Biological
Treatment, and Disposal) are under consideration. A comparison of each of the remedial measures with
respect to the nine evaluation criteria is provided in the following sections.

3.9.7.1 Overall Protection of Human Health and the Environment

• Remedial Alternatives S-5, S-7, S-8, and S-9 are all equally protective of human health at the
site. These options achieve the greatest level of protection by removal or aboveground
treatment of contaminated soils, rendering the site essentially impact-free.

• Remedial Alternative S-2 is protective of human health to a lesser extent and satisfies all
regulatory standards of protection by eliminating the exposure pathway.

• Remedial Alternative S-l is not adequately protective of human health.

3.9.7.2 Compliance With ARARs

• Remedial Alternatives S-5, S-7, S-8, and S-9 meet all chemical-specific ARARs. Likewise,
these alternatives incorporate location- and action-specific ARARs where necessary.

• Remedial Alternative S-2 meets chemical-specific ARARs for non-residential land uses.
• Remedial Alternative S-l does not meet chemical-specific ARARs for residential land uses.

3.9.7.3 Long-term Effectiveness and Permanence

• The removal and/or treatment alternatives (S-5, S-7, S-8, and S-9) provide the highest degree
of long-term effectiveness because they remove or reduce the impact or source of risk.

• Remedial Alternative S-2 provides long-term effectiveness for the prevention of contaminant
exposure in that enforceable land use restrictions prohibiting residential development will
remain with the property for the foreseeable future.

• Remedial Alternative S-l does not provide long-term effectiveness.

3.9.7.4 Short-term Effectiveness

• Remedial Alternatives S-l and S-2 provide the greatest short-term effectiveness in that they
result in no disruption to the site, and the risk assessment indicates that current conditions do
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not present unacceptable risk. These unintrusive alternatives result in no additional exposure,
as long as existing conditions are maintained.

• Remedial Alternatives S-5, S-7, S-8, and S-9 are less effective in the short term because they
involve excavation and handling of the soil during treatment and/or transportation/disposal.
These measures provide for increased exposure to the hydrocarbons during remediation
activity.

3.9.7.5 Reduction of Toxicity, Mobility, or Volume Through Treatment

• Remedial Alternatives S-7, S-8, and S-9 reduce toxicity, mobility, and volume to the greatest
extent by separating the contaminants from the soil and destroying the hydrocarbons.

• Remedial Alternative S-5 does not reduce toxicity or volume but does reduce mobility by
containing impacted soil in a controlled landfill environment designed to prevent migration.

• Remedial Alternatives S-l and S-2 do not actively reduce toxicity, mobility, and volume,
because they do not provide treatment measures.

3.9.7.6 Implementability

• Remedial Alternative S-2 is the most implementable, requiring minimal effort and no
disruption to Base activities.

• Remedial Alternatives S-S and S-7 are readily implementable in that they both involve a single
excavation, transportation, and backfill event and are very short in duration.

• Remedial Alternatives S-8 and S-9, which require the siting or construction of an on-site
treatment facility, would be most disruptive to Base activities.

• Remedial Alternative S-l is unlikely to be administratively implementable because it is not
adequately protective of human health.

3.9.7.7 Cost

The alternatives, ranked in order of increasing costs, are S-l, S-2, S-9, S-5, S-7, and S-8. The costs
range from $0 for Remedial Alternatives S-1 and S-2 to approximately $ 122,000 for Remedial Alternative S-8,
Excavation, On-site Thermal/Chemical Treatment, and Disposal.

3.9.7.8 State Acceptance

• Based on preliminary discussions held during the development of the FS, Remedial
Alternatives S-2, S-5, S-7, S-8, and S-9 are acceptable to the regulatory agencies.

• It is unlikely that Remedial Alternative S-l will be acceptable to the regulatory agencies.
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3.9.7.9 Community Acceptance

• The RAB review of the Draft version of the FS indicated that Remedial Alternative S-2 is
acceptable to the community.

• While Remedial Alternatives S-5, S-7, S-8, and S-9 were not specifically addressed during the
RAB meeting, no comments were received regarding these alternatives and Community
Acceptance of these alternatives is not determined.

• While Remedial Alternative S-l was not specifically discussed with or commented upon by
the RAB, Community Acceptance of the No Action alternative is unlikely.

3.9.8 PSC SS-42

At PSC SS-42, Remedial Alternatives S-l (No Action), S-3 (Asphalt Cap and Institutional Controls),

S-l 1 (In-situ Soil Vapor Extraction), and S-l2 (In-situ Aerobic Biodegradation) are under consideration. A

comparison of each of the remedial measures with respect to the nine evaluation criteria is provided in the
following sections.

3.9.8.1 Overall Protection of Human Health and the Environment

• Remedial Alternative S-3 provides the highest level of protection by installing a barrier
between the impacted soil and sources of infiltration.

• Remedial Alternative S-l 1 is protective of the environment by removing or treating the
contaminant in-situ through volatilization, and potentially enhanced aerobic biodegradation,
thereby reducing the impact concentration.

• As with Remedial Alternative S-ll, Remedial Alternative S-l2 may provide equivalent
protection of the environment. The biodegradation potential of these residual hydrocarbons
has not been conclusively supported by data collected to date.

• Remedial Alternative S-l is also adequately protective of human health but may not provide
adequate protection of the environment.

3.9.8.2 Compliance With ARARs

• All chemical-specific ARARs are currently met by Remedial Alternatives S-3, S-11, and S-12.
Likewise, these alternatives incorporate location- and action-specific ARARs where necessary.

• Remedial Alternative S-l may not be compliant with chemical-specific ARARs for
groundwater protection.
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3.9.8.3 Long-term Effectiveness and Permanence

• Treatment Remedial Alternatives, S-11 and S-12, provide the highest degree of long-term
effectiveness because they remove or reduce the impact or source of risk.

• Remedial Alternative S-3 provides long-term effectiveness for the prevention of migration in
that proper maintenance of an asphalt cap can effectively extend the life of the cap indefinitely.
Also, enforceable land use restrictions will remain with the property for the foreseeable future.

• Remedial Alternative S-1 is less effective, as existing site soil conditions are protective of
human health but possibly pose a threat to groundwater through leaching and migration.

3.9.8.4 Short-term Effectiveness

• Remedial Alternatives S-1 and S-2 provide the greatest short-term effectiveness in that they
result in no disruption to the site and the risk assessment indicates that current conditions do
not present unacceptable risk. The impact does not reside at the surface, and these unintrusive
alternatives result in no additional exposure as long as existing conditions are maintained.

• In-situ Remedial Alternatives, S-11 and S-12, provide the next highest degree of short-term
effectiveness because they impose only minimal potential exposure to the hydrocarbon impacts
during system installation and operation.

3.9.8.5 Reduction of Toxicity, Mobility, or Volume Through Treatment

• SVE, Remedial Alternative S-11, removes volatile hydrocarbons from the soil effectively.
Higher molecular weight hydrocarbons may not be effectively treated by enhanced
volatilization, but may be subjected to enhanced aerobic biodegradation by the elevation of
oxygen concentrations within the hydrocarbon-impacted soil.

• Remedial Alternative S-12, In-situ Biodegradation, reduces toxicity, mobility, and volume of
hydrocarbons by employing micro-organisms to metabolize the hydrocarbons under favorable
conditions. It is expected that a small portion of hydrocarbons may be biologically persistent.

• Remedial Alternatives S-1 and S-3 are least effective in reducing toxicity, mobility, or volume,
as they do not provide treatment measures.

3.9.8.6 Implementability

• In-situ treatment Remedial Alternatives S-11 and S-12 are the most implementable and involve
only moderate activity at the site. The duration of these alternatives may last from one to
several years and require the installation and operation of suitable treatment units.

• Remedial Alternative S-1 is technically implementable, requiring no effort or disruption to
Base activities. The administratively implementability of this alternative is uncertain because
no current risk exists at the site and the potential threat to groundwater is not well-defined.
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The implementation of Remedial Alternative S-3 would require the clearing and preparation
of a large surface area, which currently includes berms, an existing impermeable liner,
aboveground piping, monitoring wells, and other structures. These features do not prohibit
implementation; however, they would significantly interfere with the construction of an asphalt
cap and potentially with future maintenance of the fuel distribution system at the site.

3.9.8.7 Cost

The alternatives, ranked in order of increasing costs, are S-12, S-1, S-11, and S-3. The costs range from
approximately $423,000 for Remedial Alternative S-12, In-situ Aerobic Biodegradation to approximately

$524,000 for Remedial Alternative S-3, Asphalt Cap and Institutional Controls. Groundwater monitoring
costs, which are incurred for 30 years with Remedial Alternatives S-1 and S-3, and for 5 and 10 years with
Remedial Alternatives S-11 and S-12, respectively, have a significant equalizing effect on these costs.

3.9.8.8 State Acceptance

• Based on preliminary discussions held during the development of the FS, Remedial
Alternatives S-3, S-11, and S-12 are acceptable to the regulatory agencies.

• Remedial Alternative S-1 was not discussed specifically with the regulatory agencies,
therefore, State Acceptance is uncertain.

3.9.8.9 Community Acceptance

• The RAB review of the Draft version of the FS indicated that Remedial Alternative S-11 is
acceptable to the community.

• While Remedial Alternatives S-3 and S-12 were not specifically addressed during the RAB
meeting, no comments were received regarding these alternatives and Community Acceptance
of these alternatives is not determined.

• Based on preliminary discussions and RAB meetings held during the development of the FS,
Remedial Alternative S-1 will not be acceptable to the public. PSC SS-42 is the only PSC
presenting a potential threat to groundwater, and the community representatives expressed
concern about this issue. Remedial Alternatives that do not address the threat to groundwater
are unacceptable to the community.

3.10 SELECTED REMEDIAL ALTERNATIVES

The selected remedies for the eight "actionable" OU-1 PSCs (RW-02, LF-03, FT-07E, DP-13, LF-14,

SD-38, LF-25, and SS-42) are described in detail in the following sections:
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3.10.1 PSC RW-02 - S-2 Institutional Controls

Remedial Alternative S-2, Institutional Controls, was selected for implementation at PSC RW-02.

Remedial Alternative S-2 is protective of human health and the environment by preventing exposure to the
low-level radioactive wastes at the site. Remedial Alternative S-2 is the most cost-effective option which
satisfies the evaluation criteria. The remedial components which will be implemented at PSC RW-02 as part
of Remedial Alternative S-2 are listed below and detailed in the paragraphs that follow.

• A VEMUR will be executed and recorded to restrict land usage of the site to non-
residential purposes.

• The Base General Plan will be modified to place constraints on future residential
development of the site.

• A geophysical monitoring program will be designed and implemented to ensure the
safety of potential receptors and to provide a warning mechanism in case subsurface
conditions change. Specific requirements of the monitoring program will be
developed as part of the Remedial Design process.

• Perimeter fencing will be installed around the low-level radioactive waste containment
structure to provide a barrier preventing direct exposure and to prevent inadvertent
disturbance of the area. The exact locations and dimensions of the fencing will be
determined in the Remedial Design process.

• An Institutional Control Plan will be developed and maintained to document the
required institutional controls at PSC RW-02. The ICP will also provide guidance to
key personnel who are responsible for the implementation of this remedy.

The procedures for completing a VEMUR are detailed in Title 18, Chapter 7, Article 2, Section Rl 8-7-
207 of the Arizona Administrative Code. Recording a VEMUR requires that a VEMUR Notification form be
filled out in a format that complies with A.R.S. 11 -480. The format must also comply with any other specific
requirements of the Maricopa County Recorder. In addition to completing a VEMUR Notification form,
additional information will be compiled and submitted. The required additional information is detailed in
A.A.C. Title 18, Chapter 7, Article 2, Section R18-7-208(A).

The completed VEMUR Notification form and the required additional information will be submitted
to the ADEQ for review and verification within 60 days of the signing of this ROD. The ADEQ will evaluate
the information to verify compliance with current policies, rules, and standards. An authorized Departmental

representative will either request additional information or sign the VEMUR and return it by certified mail.
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After verification and approval by the ADEQ, the VEMUR will be recorded in the Maricopa County
Recorder's office within 30 calendar days of receipt, as evidenced by the return receipt.

Within 60 days of the signing of this ROD, the Base General Plan will be revised to place constraints
on the residential development of the PSC RW-02. Language which clearly states that residential development

of this PSC is prohibited will be added to the BGP in Section 4.2.2.4 - Installation Restoration Program Sites

and Section 4.4.2 - Future Land Uses. Additionally, the location of PSC RW-02 will be added to Figure 4.1 -

Environmental Constraints and Opportunities; Figure 4.7 Fuel Storage and Installation Restoration Program
Sites; and Figure 4.19 - Future Land Use of the BGP.

The BGP's constraints against residential development will be enforced through procedures that are

already in place at Luke AFB. An AF Form 332 must be submitted prior to the beginning of any building

project at the Base. The final approval of any building project resides with the Chief of Operations who is

required to review the BGP and sign all AF Form 332s. In compliance with the constraints that are to be added

to the BGP, the Chief of Operations for Luke AFB will not approve residential development of PSC RW-02.

As part of Remedial Alternative S-2 at PSC RW-02, a geophysical monitoring program will be
developed and implemented to assess the integrity of the low-level radioactive waste containment structure.
Monitoring will ensure the safety of potential receptors, while risk of exposure remains at acceptable levels.
It also provides a warning mechanism in the event that conditions change. At a minimum, the monitoring

program will consist of installing monitoring points at locations around the containment structure and
geophysical monitoring of those points for a period of 30 years using field instrumentation. Specific details

of the monitoring program, such as the locations and depths of the monitoring points, field instrumentation
requirements, and monitoring frequency, will be developed during the Remedial Design process.

Perimeter fencing at the surface around the containment structure will also be required at PSC RW-02
as part of Remedial Alternative S-2. Perimeter fencing is another institutional control that accomplishes two

things. First, it establishes a physical barrier barring humans from direct exposure, and second, it prevents
inadvertent disruption to an area, which may increase the potential of a release. Specific details for the
perimeter fencing, such as the location, height, and signage requirements, will be developed during the
Remedial Design process.
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In addition to the above described remedial components, Luke AFB will develop and maintain an
Institutional Control Plan that will document all of the required institutional and engineering controls for PSC

RW-02. The ICP will facilitate training and education of personnel involved with the enforcement of the
required institutional controls. The ICP will also document procedures for the review of building permits,
establish procedures for ensuring regular checks and balances are in place, include provisions for annual
review and updates of the BGP, and provide for inspection and enforcement measures to assure that the
required institutional controls are correctly implemented and enforced.The ICP will establish procedures that

require the regulatory agencies be notified in the event any major change in land use is proposed.

These measures are protective of human health and the environment in the short term and conceivably

in the long term, assuming maintained integrity of the concrete. The greater short-term effectiveness and
significant cost savings between Remedial Alternatives S-2 and S-5 justify this selection. A cost summary for
the selected remedy is presented in Table 3-64.

3.10.2 PSC LF-03 - S-2 Institutional Controls

Remedial Alternative S-2, Institutional Controls, was selected for implementation at PSC LF-03.
Remedial Alternative S-2 is protective of human health and the environment by limiting exposure to the site.
This alternative is also the most cost-effective option which satisfies the evaluation criteria. The remedial
components which will be implemented at PSC LF-03 as part of Remedial Alternative S-2 are listed below
and detailed in the paragraphs that follow.

• A VEMUR will be executed and recorded to restrict land usage of the site to non-
residential purposes.

• The Base General Plan will be modified to place constraints on future residential
development of the site.

• An Institutional Control Plan will be developed and maintained to document the
required institutional controls at PSC LF-03. The ICP will also provide guidance to
key personnel who are responsible for the implementation of this remedy.

The procedures for completing a VEMUR are detailed in Title 18, Chapter 7, Article 2, Section Rl 8-7-
207 of the Arizona Administrative Code. Recording a VEMUR requires that a VEMUR Notification form be

filled out in a format that complies with A.R.S. 11-480. The format must also comply with any other specific

requirements of the Maricopa County Recorder. In addition to completing a VEMUR Notification form,
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additional information will be compiled and submitted. The required additional information is detailed in

A.A.C. Title 18, Chapter 7, Article 2, Section R18-7-208(A).

The completed VEMUR Notification form and the required additional information will be submitted
to the ADEQ for review and verification within 60 days of the signing of this ROD. The ADEQ will evaluate

the information to verify compliance with current policies, rules, and standards. An authorized Departmental

representative will either request additional information or sign the VEMUR and return it by certified mail.

After verification and approval by the ADEQ, the VEMUR will be recorded in the Maricopa County
Recorder's office within 30 calendar days of receipt, as evidenced by the return receipt.

In addition to a VEMUR, the Base General Plan will be revised within 60 days of the signing of this
ROD to place constraints on the residential development of the PSC LF-03. Several sections of the BGP will

be revised to establish the constraints against residential development of PSC LF-03. Language which clearly

states that residential development of this PSC is prohibited will be added to the BGP in Section 4.2.2.4 -

Installation Restoration Program Sites and Section 4.4.2 - Future Land Uses. Additionally, the location of PSC

LF-03 will be added to Figure 4.1 - Environmental Constraints and Opportunities; Figure 4.7 Fuel Storage and

Installation Restoration Program Sites; and Figure 4.19 - Future Land Use of the BGP.

The BGP's constraints against residential development will be enforced through procedures that are
already in place at Luke AFB. An AF Form 332 must be submitted prior to the beginning of any building
project at the Base. The final approval of any building project resides with the Chief of Operations who is
required to review the BGP and sign all AF Form 332s. In compliance with the constraints that are to be added

to the BGP, the Chief of Operations for Luke AFB will not approve residential development of PSC LF-03.

In addition to the above remedial components, Luke AFB will develop and maintain an Institutional
Control Plan that will document all of the required institutional and engineering controls for PSC LF-03. The
ICP will facilitate training and education of personnel involved with the enforcement of the required
institutional controls. The ICP will also document procedures for the review of building permits, establish
procedures for ensuring regular checks and balances are in place, include provisions for annual review and
updates of the BGP, and provide for inspection and enforcement measures to assure that the required

institutional controls are correctly implemented and enforced. Additionally, the ICP will establish procedures
that require the regulatory agencies be notified in the event any major change in land use is proposed.
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The institutional controls described above are a permanent measure that ensure protection of human
health at this PSC. The risk assessment concluded that the site does not present unacceptable risk to Base or
industrial-scenario workers in the area, although site conditions may present unacceptable risks to residential-
scenario receptors. The site is currently on the Base adjacent to a runway with very limited human exposure.
Given that it is unlikely for PSC LF-03 to be converted to residential usage (experiencing frequent, repeated
contact with soil) in the future, Remedial Alternative S-2 maintains the current acceptable level of protection

for current conditions and institutes a provision prohibiting the unexpected event of residential development.
Other alternatives considered either did not satisfy the evaluation criteria or took excessive measures to protect
a hypothetical receptor that has an extremely low probability of being exposed to the site. A cost summary
for the selected remedy is presented in Table 3-65.

3.10.3 PSC FT-07E - S-2 Institutional Controls

Remedial Alternative S-2, Institutional Controls, was selected for implementation at PSC FT-07E.

Remedial Alternative S-2 is protective of human health and the environment by limiting exposure to the site.
This alternative is also the most cost-effective option which satisfies the evaluation criteria. The remedial
components which will be implemented at PSC FT-07E as part of Remedial Alternative S-2 are listed below
and detailed in the paragraphs that follow.

• A VEMUR will be executed and recorded to restrict land usage of the site to non-
residential purposes.

• The Base General Plan will be modified to place constraints on future residential
development of the site.

• An Institutional Control Plan will be developed and maintained to document the
required institutional controls at PSC FT-07E. The ICP will also provide guidance
to key personnel who are responsible for the implementation of this remedy.

The procedures for completing a VEMUR are detailed in Title 18, Chapter 7, Article 2, Section Rl 8-7-
207 of the Arizona Administrative Code. Recording a VEMUR requires that a VEMUR Notification form be
filled out in a format that complies with A.R.S. 11-480. The format must also comply with any other specific
requirements of the Maricopa County Recorder. In addition to completing a VEMUR Notification form,
additional information will be compiled and submitted. The required additional information is detailed in
A.A.C. Title 18, Chapter 7, Article 2, Section R18-7-208(A).
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The completed VEMUR Notification form and the required additional information will be submitted
to the ADEQ for review and verification within 60 days of the signing of this ROD. The ADEQ will evaluate
the information to verify compliance with current policies, rules, and standards. An authorized Departmental
representative will either request additional information or sign the VEMUR and return it by certified mail.

After verification and approval by the ADEQ, the VEMUR will be recorded in the Maricopa County
Recorder's office within 30 calendar days of receipt, as evidenced by the return receipt.

In addition to a VEMUR, the Base General Plan will be revised within 60 days of the signing of this
ROD to place constraints on the residential development of the PSC FT-07E. Language which clearly states

that residential development of this PSC is prohibited will be added to the BGP in Section 4.2.2.4 - Installation
Restoration Program Sites and Section 4.4.2 - Future Land Uses. Additionally, the location of PSC FT-07E

will be added to Figure 4.1 - Environmental Constraints and Opportunities; Figure 4.7 Fuel Storage and

Installation Restoration Program Sites; and Figure 4.19 - Future Land Use of the BGP.

The BGP's constraints against residential development will be enforced through procedures that are
already in place at Luke AFB. An AF Form 332 must be submitted prior to the beginning of any building
project at the Base. The final approval of any building project resides with the Chief of Operations who is

required to review the BGP and sign all AF Form 332s. In compliance with the constraints that are to be added
to the BGP, the Chief of Operations for Luke AFB will not approve residential development of PSC FT-07E.

In addition to the above described remedial components, Luke AFB will develop and maintain an

Institutional Control Plan that will document all of the required institutional and engineering controls for PSC

FT-07E. The ICP will facilitate training and education of personnel involved with the enforcement of the
required institutional controls. The ICP will also document procedures for the review of building permits,
establish procedures for ensuring regular checks and balances are in place, include provisions for annual

review and updates of the BGP, and provide for inspection and enforcement measures to assure that the

required institutional controls are correctly implemented and enforced. Additionally, the ICP will establish
procedures that require the regulatory agencies be notified in the event any major change in land use is

proposed.

The institutional controls described above are a permanent measure that ensure protection of human

health at this PSC. The risk assessment concluded that the site does not present unacceptable risk to Base or
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industrial-scenario workers in the area, although site conditions may present unacceptable risks to residential-
scenario receptors. Given that it is unlikely for PSC FT-07E to be converted to residential usage (experiencing
frequent, repeated contact with soil) in the future, Remedial Alternative S-2 maintains the current, acceptable
level of protection for current conditions and institutes a provision prohibiting the unexpected event of
residential development in the future.

Other alternatives considered either did not satisfy the evaluation criteria or took excessive measures
to protect a hypothetical receptor that has an extremely low probability of being exposed to the site. A cost
summary for the selected remedy is presented in Table 3-66.

3.10.4 PSC DP-13 - S-2 Institutional Controls

Remedial Alternative S-2, Institutional Controls, was selected for implementation at PSC DP-13.
Remedial Alternative S-2 is protective of human health and the environment by limiting exposure to the site
and by requiring the use of PPE while excavating. This alternative is also the most cost-effective option which
satisfies the evaluation criteria. The remedial components which will be implemented at PSC DP-13 as part

of Remedial Alternative S-2 are listed below and detailed in the paragraphs that follow.

• A VEMUR will be executed and recorded to restrict land usage of the site to non-
residential purposes.

• The Base General Plan will be modified to place constraints on future residential
development of the site.

• Work practices will be regulated by requiring the use of PPE while excavating at the
site. These constraints will added to the BGP and implemented through the digging
permit process.

• An Institutional Control Plan will be developed and maintained to document the
required institutional controls at PSC DP-13 The ICP will also provide guidance to
key personnel who are responsible for the implementation of this remedy.

The procedures for completing a VEMUR are detailed in Title 18, Chapter 7, Article 2, Section Rl 8-7-
207 of the Arizona Administrative Code. Recording a VEMUR requires that a VEMUR Notification form be
filled out in a format that complies with the A.R.S. 11-480. The format must also comply with any other
specific requirements of the Maricopa County Recorder. In addition to completing a VEMUR Notification
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form, additional information will be compiled and submitted. The required additional information is detailed

in A.A.C. Title 18, Chapter 7, Article 2, Section R18-7-208(A).

The completed VEMUR Notification form and the required additional information will be submitted
to the ADEQ for review and verification within 60 days of the signing of this ROD. The ADEQ will evaluate

the information to verify compliance with current policies, rules, and standards. An authorized Departmental

representative will either request additional information or sign the VEMUR and return it by certified mail.

After verification and approval by the ADEQ, the VEMUR will be recorded in the Maricopa County
Recorder's office within 30 calendar days of receipt, as evidenced by the return receipt.

In addition to a VEMUR, the Base General Plan will be revised within 60 days of the signing of this

ROD to place constraints on the residential development of the PSC DP-13. Language which clearly states

that residential development of this PSC is prohibited will be added to the BGP in Section 4.2.2.4 - Installation

Restoration Program Sites and Section 4.4.2 - Future Land Uses. Additionally, the location of PSC DP-13 will

be added to Figure 4.1 - Environmental Constraints and Opportunities; Figure 4.7 Fuel Storage and Installation
Restoration Program Sites; and Figure 4.19 - Future Land Use of the BGP.

The BGP's constraints against residential development will be enforced through procedures that are
already in place at Luke AFB. An AF Form 332 must be submitted prior to the beginning of any building
project at the Base. The final approval of any building project resides with the Chief of Operations who is

required to review the BGP and sign all AF Form 332s. In compliance with the constraints that are to be added
to the BGP, the Chief of Operations for Luke AFB will not approve residential development of PSC DP-13.

At PSC DP-13, Remedial Alternative S-2 will also include administrative controls regulating
excavation practices. At this site, COC concentrations could potentially pose a risk to future excavation
workers. To mitigate this exposure, work policies requiring the use of personal protective equipment by
excavation workers will be implemented.

The requirement for the use of PPE while excavating will be added to the constraints detailed in Section

4.2.2.4 of the BGP. Figures 4.1 and 4.7 of the BGP will also be revised to clearly illustrate the areas that
require the use of PPE while excavating. The constraints will be implemented through the digging permit
process. A digging permit must be obtained before breaking ground at any location of Luke AFB. To obtain
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a digging permit, an AF Form 103 must be filled out and submitted to the Base Civil Engineer Squadron for
approval. Currently, there is no requirement for the BGP to be referenced prior to the approval of a digging
permit. Likewise the Chief of Environmental Engineering is not required to review all digging permit
applications. To ensure the appropriate level of protection is maintained while digging at PSC DP-13, the
Luke AFB Commander will draft and enforce a policy letter that will amend the manner in which digging
permits are reviewed. The policy letter will require the Chief of Environmental Engineering to review all AF
Form 103 permits and review the BGP to see if any constraints exist. The Chief of Environmental Engineer
will be required to enforce the use of PPE while excavating at PSC DP-13.

In addition to the above described remedial components, Luke AFB will develop and maintain an
Institutional Control Plan that will document all of the required institutional and engineering controls for PSC
DP-13. The ICP will facilitate training and education of personnel involved with the enforcement of the
required institutional controls. The ICP will also document procedures for the review of building permits,
establish procedures for ensuring regular checks and balances are in place, include provisions for annual
review and updates of the BGP, and provide for inspection and enforcement measures to assure that the
required institutional controls are correctly implemented and enforced. Additionally, the ICP will establish
procedures that require the regulatory agencies be notified in the event any major change in land use is
proposed.

The institutional controls described above are effectively a permanent measure that ensure protection
of human health at this PSC. The risk assessment concluded that the site presents unacceptable risk to
excavation workers in the area and to hypothetical future residential-scenario receptors. Regulations of

excavation activities that require PPE will provide protection of excavation workers and land use restrictions
will prevent exposure to future residential receptors. Given that it is unlikely for PSC DP-13 to be converted
to residential usage (experiencing frequent, repeated contact with soil) in the future, Remedial Alternative S-2
ensures an acceptable level of protection for current conditions, including excavation workers, and institutes
a provision prohibiting the unexpected event of residential development in the future.

Other alternatives considered either did not satisfy the evaluation criteria or took excessive measures
to protect a hypothetical receptor that has an extremely low probability of being exposed to the site. A cost
summary for the selected remedy is presented in Table 3-67.
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3.10.5 PSC LF-14 - S-2 Institutional Controls

Remedial Alternative S-2, Institutional Controls, was selected for implementation at PSC LF-14.
Remedial Alternative S-2 is protective of human health and the environment by limiting exposure to the site.
The remedial components which will be implemented at PSC LF-14 as part of Remedial Alternative S-2 are
detailed below:

• A VEMUR will be executed and recorded to restrict land usage of the site to non-
residential purposes.

• The Base General Plan will be modified to place constraints on future residential
development of the site.

• An Institutional Control Plan will be developed and maintained to document the
required institutional controls at PSC LF-14. The ICP will also provide guidance to
key personnel who are responsible for the implementation of this remedy.

The procedures for completing a VEMUR are detailed in Title 18, Chapter 7, Article 2, Section Rl 8-7-
207 of the Arizona Administrative Code. Recording a VEMUR requires that a VEMUR Notification form be
filled out in a format that complies with A.R.S. 11-480. The format must also comply with any other specific
requirements of the Maricopa County Recorder. In addition to completing a VEMUR Notification form,

additional information will be compiled and submitted. The required additional information is detailed in

A.A.C. Title 18, Chapter 7, Article 2, Section R18-7-208(A).

The completed VEMUR Notification form and the required additional information will be submitted
to the ADEQ for review and verification within 60 days of the signing of this ROD. The ADEQ will evaluate
the information to verify compliance with current policies, rules, and standards. An authorized Departmental
representative will either request additional information or sign the VEMUR and return it by certified mail.
After verification and approval by the ADEQ, the VEMUR will be recorded in the Maricopa County
Recorder's office within 30 calendar days of receipt, as evidenced by the return receipt.

In addition to a VEMUR, the Base General Plan will be revised within 60 days of the signing of this
ROD to place constraints on the residential development of the PSC LF-14. Several sections of the BGP will
be revised to establish the constraints against residential development of PSC LF-14. Language which clearly
states that residential development of this PSC is prohibited will be added to the BGP in Section 4.2.2.4 -

Installation Restoration Program Sites and Section 4.4.2 - Future Land Uses. Additionally, the location of PSC
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LF-14 will be added to Figure 4.1- Environmental Constraints and Opportunities; Figure 4.7 Fuel Storage and
Installation Restoration Program Sites; and Figure 4.19 - Future Land Use of the BGP.

The BGP's constraints against residential development will be enforced through procedures that are
already in place at Luke AFB. An AF Form 332 must be submitted prior to the beginning of any building
project at the Base. The final approval of any building project resides with the Chief of Operations who is
required to review the BGP and sign all AF Form 332s. In compliance with the constraints that are to be added
to the BGP, the Chief of Operations for Luke AFB will not approve residential development of PSC LF-14.

In addition to the above described remedial components, Luke AFB will develop and maintain an
Institutional Control Plan that will document all of the required institutional and engineering controls for PSC

LF-14. The ICP will facilitate training and education of personnel involved with the enforcement of the
required institutional controls. The ICP will also document procedures for the review of building permits,

establish procedures for ensuring regular checks and balances are in place, include provisions for annual
review and updates of the BGP, and provide for inspection and enforcement measures to assure that the
required institutional controls are correctly implemented and enforced. Additionally, the ICP will establish
procedures that require the regulatory agencies be notified in the event any major change in land use is
proposed.

The institutional controls described above are effectively a permanent measure that ensure protection
of human health at this PSC. The risk assessment concluded that the site does not present unacceptable risk
to Base or industrial-scenario workers in the area, although site conditions may present unacceptable risks to
residential-scenario receptors. Given that it is unlikely that PSC LF-14 would be converted to residential usage
(experiencing frequent, repeated contact with soil) in the future, Remedial Alternative S-2 ensures the current,

acceptable level of protection for current conditions, and institutes a provision prohibiting the unexpected event
of residential development.

Other alternatives considered either did not satisfy the evaluation criteria or took excessive measures
to protect a hypothetical receptor that has an extremely low probability of being exposed to the site. A cost
summary for the selected remedy is presented in Table 3-68.
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3.10.6 PSC LF-25 - S-4 Institutional Controls and Ex-situ Physical Treatment/Metals Recovery

Remedial Alternative S-4, institutional controls and ex-situ physical treatment/metals recovery, was

selected for implementation at PSC LF-25. Of the alternatives that were evaluated, Remedial Alternative S-4
is the most protective of human health. Not only will implementation of this alternative remove existing levels
of contaminants, but it will also provide a permanent mechanism for the control and management of exposure
to future contamination that may occur due to continued operation of the adjacent skeet shooting range.
Remedial Alternative S-4 is also one of the most cost-effective alternatives evaluated for the site. Other

alternatives considered either did not satisfy all evaluation criteria, would be too disruptive to Base activities,

or would not be as cost effective. A cost summary for the selected remedy is presented in Table 3-69.

As previously detailed, COCs at this site are lead and antimony, which are present in the form of metal
shot that originated from the adjacent Base skeet shooting range. The Base-wide risk assessment concluded

that dermal contact and ingestion of lead and antimony associated with the shot may present an unacceptable
risk to human health. Remedial Alternative S-4 will reduce the existing concentrations of lead and antimony
at the site to levels that will meet Arizona's Soil Remediation Standards for residential exposure. Because the
skeet range will remain active into the foreseeable future, metal shot containing antimony and lead will
continue to impact the site. For this reason, Remedial Alternative S-4 also requires that instititional controls

be implemented to protect human health and the environement from potential future exposures.

Initially, ex-situ physical treatment/metals recovery (shot recovery) will be performed to remove the
existing metal shot from the surficial soil of the site. The initial phase is a multi-step process that will separate

and remove the accumulated metallic shot from the surficial soil. Remedial components of the metals recovery
process include:

• Determining the area of impacted soil which contain ins COCs (antimony and lead)
in excess of evaluation criteria.

• Removing the surficial soil (0 to 2 feet bgs) which contains COCs at concentrations
in excess of Arizona soil remediation standards.

• Removing metal shot from the excavated material using mechanical sifting methods
and gravimetric separation.

• Recycling or disposing the recovered metal shot, depending on volume and value, at
an off-site facility.

• Returning soil material to scraped surface area, following compliance sampling to
ensure soil quality.
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The first step of metals recovery process involves the delineation of the area impacted by the metal shot.

Typically, the extent of impact from skeet shooting activities cover an area 300 yards in each direction from
the shooting area. However, at PSC LF-25, shot may have been spread over a much greater area due to past
surface grading and ground mainentance activities. Signs clearly indicating the extent of the impacted area

will be installed and properly maintained for use in future institutional controls.

After the impacted area is delineated, a metals recovery process will be performed. The recovery
equipment is typically mounted on a flat-bed truck which is driven across the impacted area. As the vehicle
moves, surficial soil is scraped from the ground and fed into the metals recovery processor. The scraped soil
is agitated to break up any soil clumps into finer grained pieces. Then, particle size separation is accomplished
by a screen with openings smaller than the metal shot. Typically, soil particles of medium-grained sand and
finer will pass through this step and will be redeposited on the ground.

The retained soil and shot mixture is then subjected to gravimetric separation, during which the larger
particles retained from the first step fall through a horizontal air current created by a fan. Due to the greater
density of metals, particularly lead, relative to soil, shot retained by the first step will be less affected by the
air current and will not be carried as far as the lighter soil particles. Therefore, the shot will be concentrated
at a location upstream from where the soil accumulates. The processor then collects the retained shot and
returns the soil particles to the ground.

Because there are no plans to close the skeet shooting range in the foreseeable future, metallic shot
containing antimony and lead will most likely continue to impact the site following this initial metals recovery
process. Institutional controls will therefore be implemented to protect human health from future exposure
to the site while the range continues operation. These institutional controls will consist of the following:

• A VEMUR will be executed and recorded to restrict land usage of the site to non-
residential purposes.

• The Base General Plan will be modified to place constraints on future residential
development of the site.

• Work practices will be regulated by requiring the use of PPE while excavating at the site.
These constraints will added to the BGP and implemented through the digging permit process.

• An Institutional Control Plan will be developed and maintained to document the required
institutional controls at PSC LF-25 The ICP will also provide guidance to key personnel who
are responsible for the implementation of this remedy.
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The procedures for completing a VEMUR are detailed in Title 18, Chapter 7, Article 2, Section Rl 8-7-

207 of the Arizona Administrative Code. Recording a VEMUR requires that a VEMUR Notification form be
filled out in a format that complies with the A.R.S. 11-480. The format must also comply with any other
specific requirements of the Maricopa County Recorder. In addition to completing a VEMUR Notification

form, additional information will be compiled and submitted. The required additional information is detailed

in A.A.C. Title 18, Chapter 7, Article 2, Section R18-7-208(A).

The completed VEMUR Notification form and the required additional information will be submitted

to the ADEQ for review and verification within 60 days of the signing of this ROD. The ADEQ will evaluate
the information to verify compliance with current policies, rules, and standards. An authorized Departmental

representative will either request additional information or sign the VEMUR and return it by certified mail.
After verification and approval by the ADEQ, the VEMUR will be recorded in the Maricopa County

Recorder's office within 30 calendar days of receipt, as evidenced by the return receipt.

In addition to a VEMUR, the Base General Plan will be revised within 60 days of the signing of this
ROD to place constraints on the residential development of the PSC LF-25. Language which clearly states
that residential development of this PSC is prohibited will be added to the BGP in Section 4.2.2.4 - Installation
Restoration Program Sites and Section 4.4.2 - Future Land Uses. Additionally, the location of PSC LF-25 will
be added to Figure 4.1 - Environmental Constraints and Opportunities; Figure 4.7 Fuel Storage and Installation
Restoration Program Sites; and Figure 4.19 - Future Land Use of the BGP.

The BGP's constraints against residential development will be enforced through procedures that are
already in place at Luke AFB. An AF Form 332 must be submitted prior to the beginning of any building
project at the Base. The final approval of any building project resides with the Chief of Operations who is
required to review the BGP and sign all AF Form 332s. In compliance with the constraints that are to be added
to the BGP, the Chief of Operations for Luke AFB will not approve residential development of PSC LF-25.

Administrative controls regulating excavation practices will also be implemented at PSC LF-25. At
this site, COC concentrations could potentially pose a risk to future excavation workers. To mitigate this
exposure, work policies requiring the use of personal protective equipment by excavation workers will be
implemented.
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The requirement for the use of PPE while excavating will be added to the constraints detailed in Section
4.2.2.4 of the BGP. Figures 4.1 and 4.7 of the BGP will also be revised to clearly illustrate the areas that
require the use of PPE while excavating. The constraints will be implemented through the digging permit
process. A digging permit must be obtained before breaking ground at any location of Luke AFB. To obtain
a digging permit, an AF Form 103 must be filled out and submitted to the Base Civil Engineer Squadron for
approval. Currently, there is no requirement for the BGP to be referenced prior to the approval of a digging
permit. Likewise the Chief of Environmental Engineering is not required to review all digging permit
applications. To ensure the appropriate level of protection is maintained while digging at PSC LF-25, the Luke
AFB Commander will draft and enforce a policy letter that will amend the manner in which digging permits
are reviewed. The policy letter will require the Chief of Environmental Engineering to review all AF Form
103 permits and review the BGP to see if any constraints exist. The Chief of Environmental Engineer will be
required to enforce the use of PPE while excavating at PSC LF-25.

In addition to the above described remedial components, Luke AFB will develop and maintain an
Institutional Control Plan that will document all of the required institutional and engineering controls for PSC

PSC LF-25. The ICP will facilitate training and education of personnel involved with the enforcement of the
required institutional controls. The ICP will also document procedures for the review of building permits,

establish procedures for ensuring regular checks and balances are in place, include provisions for annual
review and updates of the BGP, and provide for inspection and enforcement measures to assure that the
required institutional controls are correctly implemented and enforced. Additionally, the ICP will establish
procedures that require the regulatory agencies be notified in the event any major change in land use is
proposed.

The institutional controls described above are effectively a permanent measure that ensure protection
of human health at this PSC. The risk assessment concluded that the site presents unacceptable risk to
excavation workers in the area and to hypothetical future residential-scenario receptors. Regulations of
excavation activities that require PPE will provide protection of excavation workers and land use restrictions
will prevent exposure to future residential receptors. Given that it is unlikely for PSC LF-25 to be converted

to residential usage (experiencing frequent, repeated contact with soil) in the future, Remedial Alternative S-4
ensures an acceptable level of protection for current conditions, including excavation workers, and institutes
a provision prohibiting the unexpected event of residential development in the future.
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3.10.7 PSC SD-38 - S-2 Institutional Controls

Remedial Alternative S-2, Institutional Controls, was selected for implementation at PSC SD-38.
Remedial Alternative S-2 is protective of human health and the environment by limiting exposure to the site.

Remedial Alternative S-2 is also the most cost-effective option which satisfies the evaluation criteria. The
remedial components which will be implemented at PSC SD-38 as part of Remedial Alternative S-2 are
detailed below:

• A VEMUR will be executed and recorded to restrict land usage of the site to non-
residential purposes.

• The Base General Plan will be modified to place constraints on future residential
development of the site.

• An Institutional Control Plan will be developed and maintained to document the
required institutional controls at PSC SD-38. The ICP will also provide guidance to
key personnel who are responsible for the implementation of this remedy.

The procedures for completing a VEMUR are detailed in Title 18, Chapter 7, Article 2, Section Rl 8-7-

207 of the Arizona Administrative Code. Recording a VEMUR requires that a VEMUR Notification form be

filled out in a format that complies with A.R.S. 11-480. The format must also comply with any other specific
requirements of the Maricopa County Recorder. In addition to completing a VEMUR Notification form,

additional information will be compiled and submitted. The required additional information is detailed in
A.A.C. Title 18, Chapter 7, Article 2, Section R18-7-208(A).

The completed VEMUR Notification form and the required additional information will be submitted
to the ADEQ for review and verification within 60 days of the signing of this ROD. The ADEQ will evaluate

the information to verify compliance with current policies, rules, and standards. An authorized Departmental

representative will either request additional information or sign the VEMUR and return it by certified mail.

After verification and approval by the ADEQ, the VEMUR will be recorded in the Maricopa County
Recorder's office within 30 calendar days of receipt, as evidenced by the return receipt.

In addition to a VEMUR, the Base General Plan will be revised within 60 days of the signing of this
ROD to place constraints on the residential development of the PSC SD-38. Several sections of the BGP will
be revised to establish the constraints against residential development of PSC SD-38. Language which clearly

states that residential development of this PSC is prohibited will be added to the BGP in Section 4.2.2.4 -
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Installation Restoration Program Sites and Section 4.4.2 - Future Land Uses. Additionally, the location of PSC
LF-03 will be added to Figure 4.1- Environmental Constraints and Opportunities; Figure 4.7 Fuel Storage and
Installation Restoration Program Sites; and Figure 4.19 - Future Land Use of the BGP.

The BGP's constraints against residential development will be enforced through procedures that are
already in place at Luke AFB. An AF Form 332 must be submitted prior to the beginning of any building
project at the Base. The final approval of any building project resides with the Chief of Operations who is
required to review the BGP and sign all AF Form 332s. In compliance with the constraints that are to be added

to the BGP, the Chief of Operations for Luke AFB will not approve residential development of PSC SD-38.

In addition to the above described remedial components, Luke AFB will develop and maintain an
Institutional Control Plan that will document all of the required institutional and engineering controls for PSC

SD-38 The ICP will facilitate training and education of personnel involved with the enforcement of the

required institutional controls. The ICP will also document procedures for the review of building permits,
establish procedures for ensuring regular checks and balances are in place, include provisions for annual
review and updates of the BGP, and provide for inspection and enforcement measures to assure that the
required institutional controls are correctly implemented and enforced. Additionally, the ICP will establish
procedures that require the regulatory agencies be notified in the event any major change in land use is
proposed.

The institutional controls described above are effectively a permanent measure that ensure protection
of human health at this PSC. The risk assessment concluded that the site does not present unacceptable risk
to Base or industrial-scenario workers in the area, although site conditions may present unacceptable risks to
residential-scenario receptors. Given that it is unlikely for PSC SD-38 to be converted to residential usage
(experiencing frequent, repeated contact with soil) in the future, Remedial Alternative S-2 maintains the
current, acceptable level of protection for current conditions and institutes a provision prohibiting the
unexpected event of residential development in the future.

Other alternatives considered either did not satisfy the evaluation criteria or took excessive measures
to protect a hypothetical receptor that has an extremely low probability of being exposed to the site. A cost

summary for the selected remedy is presented in Table 3-70.
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3.10.8 PSC SS-42 - S-ll Soil Vapor Extraction

The Base-wide risk assessment concluded that direct exposure to the COCs detected in the soil at PSC
SS-42 do not pose unacceptable risks to human health. However, a remedy was selected for PSC SS-42

because vadose zone modeling (see Section 3.6.1.4) has shown that residual concentrations of petroleum
related contaminants (TPH and BTEX) in the soil could leach to the groundwater if left untreated.

Soil Vapor Extraction was selected as the remedial alternative for PSC SS-42 because of its ease of
implementation, moderate cost, and long-term effectiveness. A cost summary for the selected remedy is
presented in Table 3-71. Other alternatives considered do not remove the contaminants, are less easily

implemented, or may not be sufficiently effective. The remedial components associated with Remedial
Alternative S-11 include:

Install Soil Vapor Extraction (SVE) System.
• Monitor soil and groundwater to confirm effectiveness and potential migration of the

COCs.

Remedial Alternative S-11 consists of installing a network of extraction wells in the impacted soils and
applying a vacuum to the network. The vacuum induces a pressure gradient that propagates laterally, resulting
in soil-gas migration toward the extraction well. The removal of impacted vapors and recharge from non-
impacted soil areas results in volatilization of adsorbed organic compounds, including BTEX and TPH.

Extracted vapors will be treated before being discharged to the atmosphere. Vapor-phase carbon
adsorption and thermal oxidation are potential vapor treatment systems. Vapor extraction systems will also
require periodic maintenance to ensure efficient operation. The SVE system configuration, off-gas treatment
technology, operation and maintenance procedures, and monitoring requirements will be developed in the
Remedial Design phase.

Remedial Alternative S-ll also includes a groundwater monitoring program. The analytical
parameters, sampling protocols, and sampling frequency for the groundwater monitoring program will be

developed in the remedial design phase. However, at a minimum, groundwater monitoring will be conducted
at the site at least annually for 5 years after the completion of the soil cleanup. If petroleum related
contaminants (TPH or BTEX) are not detectable above laboratory reporting limits after a period of 5 years of

annual monitoring, no additional groundwater monitoring will be required. However, if conditions change
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during the monitoring period and petroleum related contaminants are detected at concentrations above
chemical-specific ARARs for groundwater, the need for additional monitoring and its frequency will be re-
examined and an alternative monitoring program will be developed. Chemical-specific ARARs for
groundwater are the Arizona Aquifer Water Quality Standards prescribed in A.A.C. Rl 8-11-406.

Implementation of Remedial Alternative S-11 will continue until all chemical-specific ARARs are met.
As described in Section 3.7.2.1, the chemical-specific ARARs for soil are the Arizona Soil Remediation
Standards. These standards allow forthe selection of either pre-determined SRLs as prescribed in A.A.C. R18-
7-205 or site-specific remediation levels derived from a site-specific human health risk assessment as
prescribed in A.A.C. Rl 8-7-206. Additionally, residential or non-residential standards can be selected using
either method.

As previously summarized in Section 3.5.25 (page 3-63), direct exposure to the COCs currently
detectable in the soil at PSC SS-42 have already been shown not to pose an unacceptable threat to human
health under both industrial and residential land use scenarios. As a result, compliance with this portion of

the Arizona Soil Remediation Standards has already been achieved.

The Arizona Soil Remediation Standards also require that a party who conducts soil remediation based
on the standards set forth in either A.A.C. Rl 8-7-205 or Rl 8-7-206 must continue remediation until
contaminants remaining in the soil do not cause or threaten to cause a violation of Aquifer Water Quality
Standards prescribed in A.A.C. R18-11-406 at a point of compliance.

The methods that will be used to determine whether post-remediation soil is protective of the

groundwater are described in Section 3.7.2.5. As detailed in Section 3.7.2.5, ADEQ developed a Groundwater
Protection Limit (GPL) screening model for use in determining whether residual contaminant concentrations
in the soil could cause or threaten to cause contamination of groundwater at levels above the AWQSs at a point
of compliance. For PSC SS-42, the point of compliance will be defined as the site boundaries, which at its
closest point, is 40 feet from the point of release.

ADEQ's GPL screening model was used to calculate GPLs for PSC SS-42. The GPLs calculated for
PSC SS-42 are presented in Appendix G. As shown in Appendix G, the GPLs are dependant upon the vertical
extent of the soil contamination (depth of incorporation) and the depth to groundwater at the site.
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It is important to note that GPLs were calculated for BTEX but not for TPH. GPLs could not be

calculated for TPH because there are no numeric water quality standards established for TPH. Additionally,
TPH represents a broad class of petroleum related compounds and not just one specific constituent. GPLs can
only be calculated for individual constituents with AWQSs. Of the petroleum related constituents with
established AWQSs detected at PSC SS-42, BTEX compounds posed the greatest potential risk to human
health. GPLs calculated for BTEX are, therefore, considered representative values established for the
protection of groundwater from the petroleum release at PSC SS-42.

In summary, soil cleanup at PSC SS-42 will continue until all chemical specific ARARs are met. Post-
remediation soil contaminant concentrations must not pose at threat to human health via direct exposure and
must not pose a threat to groundwater quality. For PSC SS-42, a site-specific risk assessment has already
shown that risks to human health via direct exposure are at an acceptable level for residential land usage.
However, soil remediation must continue until BTEX concentrations detected in the soil are below the GPLs
for their depth of incorporation. GPLs calculated for PSC SS-42 are presented in Appendix G.

3.11 STATUTORY DETERMINATIONS

This section describes how the selected remedy meets the statutory requirements of CERCLA section

121. The selected remedy must:

• Be protective of human health and the environment.
• Comply with ARARs (or justify an ARAR waiver).

• Be cost effective.
• Utilize permanent solutions and alternative treatment technologies or resource recovery

technologies to the maximum extent practicable (MEP).
• Satisfy the preference for treatment that reduces toxicity, mobility, or volume as a principal

element, or provide n explanation as to why this preference is not satisfied.

3.11.1 PSC RW-02

3.11.1.1 Protection of Human Health and the Environment

Remedial Alternative S-2 is protective of human health and the environment and satisfies all regulatory

standards of protection by preventing disruption to the concrete encasement. The risk assessment concluded
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that existing site conditions do not present unacceptable risk to current receptors, and the selected remedial
alternative manages the hazard to at-risk receptors of a potential future impact. Furthermore, the vadose zone
transport model demonstrated that COCs will not migrate to groundwater.

3.11.1.2 Compliance With ARARs

The selected remedy will comply with all applicable or relevant and appropriate requirements. No
waivers of ARARs are necessary.

3.11.13 Cost Effectiveness

Other alternatives considered either do not satisfy the evaluation criteria (S-l) or take excessive
measures (S-5) to protect a hypothetical receptor that has an extremely low probability of being exposed to the
site. Remedial Alternative S-2, Institutional Controls, was the most cost effective while satisfying all the
evaluation criteria.

3.11.1.4 Utilize Permanent Solutions and Alternative Treatment Technologies to the MEP

The selected remedy utilizes permanent solutions and treatment technologies to the maximum extent
practicable. The five primary balancing criteria were equally decisive factors in the selection decision.
Remedial Alternative S-2 provides long-term and short term effectiveness for the prevention of contaminant
exposure by preventing disruption to the buried waste and providing a monitoring system to detect releases.

None of the alternatives considered reduce the toxicity or volume but Remedial Alternative S-5 does
reduce potential mobility of radioactive material by containment in a controlled environment designed to
prevent the migration or release of radioactivity at a licensed/permitted off-site facility. While no active

reduction in toxicity takes place, radioactivity inherently decays with time. All remedial alternatives evaluated
were technically implementable without significant interference to site operations. Based on evaluation of the
balancing criteria, the additional costs for implementation of Remedial Alternative S-5 to potentially reduce

the mobility of the radioactive material were not justified.

Therefore, Remedial Alternative S-2 was selected as a cost-effective alternative that provided protection
for human health and the environment. Remedial Alternatives S-2 was acceptable to the regulatory agencies
and to the community.
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3.11.1.5 Preference for Treatment as a Principal Element

The existing site conditions do not present unacceptable risk to current receptors, and the selected

remedy manages the hazard to at-risk receptors of a potential future impact. Therefore, treatment is not
necessary.

3.11.2 PSC LF-03

3.11.2.1 Protection of Human Health and the Environment

Except for Remedial Alternative S-l, No Action, all remedial alternatives considered for PSC LF-03
provide adequate protection of human health and the environment given the conservative assumption of a
hexavalent state for the chromium, the COC contributing to an unacceptable risk level. The risk assessment

concluded that existing site conditions do not present unacceptable risk to current receptors, and the
alternatives considered, excluding Remedial Alternative S-l, remove either the hazard or the exposure
mechanism for potential at-risk future receptors. Furthermore, the vadose zone transport model demonstrated
that under typical conditions, COCs at the site will not migrate to groundwater.

3.11.2.2 Compliance With ARARs

All remedial alternatives considered for PSC LF-03, except for Remedial Alternative S-l, No Action,
are ARAR-compliant.

3.11.2.3 Cost Effectiveness

Remedial Alternative S-2, Institutional Controls, was the most cost-effective option satisfying the
evaluation criteria.

3.11.2.4 Utilize Permanent Solutions and Alternative Treatment Technologies to the MEP

The selected remedy utilizes permanent solutions and treatment technologies to the maximum extent
practicable. The five primary balancing criteria were equally decisive factors in the selection decision.
Remedial Alternative S-2 provides long-term effectiveness for the prevention of contaminant exposure in that

enforceable land use restrictions prohibiting residential development will remain with the property for the

foreseeable future.
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Remedial Alternative S-2 provides the greatest short-term effectiveness in that it results in no disruption
to the site, and the risk assessment indicates that current conditions do not present unacceptable risk. All
remedial alternatives evaluated were technically implementable without significant interference to site
operations. Based on evaluation of the balancing criteria, Remedial Alternative S-2 was selected as a cost-
effective alternative that provides protection for human health and the environment. Remedial Alternatives
S-2 was acceptable to the regulatory agencies and to the community.

3.11.2.5 Preference for Treatment as a Principal Element

The existing site conditions do not present unacceptable risk to current receptors, and the selected

remedy removes the exposure mechanism for potential at-risk future receptors. Therefore, treatment is not
necessary.

3.11.3 PSC FT-07E

3.11.3.1 Protection of Human Health and the Environment

Exception for Remedial Alternative S-1, No Action, all remedial alternatives considered for PSC FT-
07E provide adequate protection of human health. All alternatives considered are adequately protective of the
environment. The risk assessment concluded that existing site conditions do not present unacceptable risk to
current receptors, and the alternatives considered, excluding Remedial Alternative S-1, remove either the
hazard or the exposure mechanism for potential at-risk receptors. Furthermore, the vadose zone transport
model demonstrated that COCs will not migrate to groundwater.

3.113.2 Compliance With ARARs

All remedial alternatives considered for PSC FT-07E, except for Remedial Alternative S-1, No Action,
are ARAR-compliant.

3.11 JJ Cost Effectiveness

Remedial Alternative S-2, Institutional Controls, was the most cost-effective option satisfying the
evaluation criteria.
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3.11.3.4 Utilize Permanent Solutions and Alternative Treatment Technologies to the MEP

The selected remedy utilizes permanent solutions and treatment technologies to the maximum extent
practicable. The five primary balancing criteria were equally decisive factors in the selection decision.
Though the removal and/or treatment alternatives (S-5, S-7, S-8, S-9, S-11, and S-12) provide a higher degree

of long-term effectiveness, Remedial Alternative S-2 also provides long-term effectiveness in that enforceable
land use restrictions prohibiting residential development will remain with the property for the foreseeable

future.

The selected remedy (S-2) does not actively reduce toxicity, mobility, or volume like the other
alternatives (S-5, S-7, S-8, S-9, S-11, and S-12), however, hydrocarbon concentrations will naturally decline
with time through chemical and biological processes. Remedial Alternative S-2 provides the greatest short-

term effectiveness in that it results in no disruption to the site, and the risk assessment indicates that current
conditions do not present unacceptable risk. All remedial alternatives evaluated were technically

implementable without significant interference to site operations. Based on evaluation of the balancing criteria,

Remedial Alternative S-2 was selected as a cost-effective alternative that provides protection for human health
and the environment. Remedial Alternatives S-2 was acceptable to the regulatory agencies and to the
community.

3.113.5 Preference for Treatment as a Principal Element

The existing site conditions do not present unacceptable risk to current receptors. The selected remedy

maintains the current, acceptable level of protection for current conditions and institutes a provision prohibiting
the unexpected event of residential development in the future. Therefore, treatment is not necessary.

3.11.4 PSC DP-13

3.11.4.1 Protection of Human Health and the Environment

Except for Remedial Alternative S-1, No Action, all remedial alternatives considered for PSC DP-13

provide adequate protection of human health. All alternatives considered are adequately protective of the
environment. The risk assessment concluded that existing site conditions present an unacceptable risk to

excavation workers, and the alternatives considered, excluding Remedial Alternative S-1, remove either the
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hazard or the exposure mechanism for at-risk receptors. Furthermore, the vadose zone transport model
demonstrated that COCs will not migrate to groundwater.

3.11.4.2 Compliance With ARARs

All remedial alternatives considered for PSC DP-13, except for Remedial Alternative S-l, No Action,
are ARAR-compliant.

3.11.4.3 Cost Effectiveness

Remedial Alternative S-2, Institutional Controls, was the most cost-effective option satisfying the
evaluation criteria.

3.11.4.4 Utilize Permanent Solutions and Alternative Treatment Technologies to the MEP

The selected remedy utilizes permanent solutions and treatment technologies to the maximum extent
practicable. The five primary balancing criteria were equally decisive factors in the selection decision.
Though the removal and/or treatment alternatives (S-5, S-7, and S-8) provide a higher degree of long-term
effectiveness, Remedial Alternative S-2 also provides long-term effectiveness in that enforceable land use
restrictions prohibiting residential development will remain with the property for the foreseeable future.

None of the remedies evaluated reduce the toxicity or volume of the impacted materials, though,
Remedial Alternatives S-7 and S-8 reduce the mobility of COCs. Remedial Alternative S-2 provides the

greatest short-term effectiveness in that it results in no disruption to the site, and the risk assessment indicates

that current conditions do not present unacceptable risk. All remedial alternatives evaluated were technically
implementable without significant interference to site operations. Based on evaluation of the balancing criteria,
Remedial Alternative S-2 was selected as a cost-effective alternative that provides protection for human health
and the environment. Remedial Alternatives S-2 was acceptable to the regulatory agencies and to the
community.

3.11.4.5 Preference for Treatment as a Principal Element

The existing site conditions do not present unacceptable risk to current receptors. The selected remedy
maintains the current, acceptable level of protection for current conditions, including excavation workers, and



FINAL OU-1 ROD
Luke AFB, Arizona

20 January 1999
Page 3-168

institutes a provision prohibiting the unexpected event of residential development in the future. Therefore,
treatment is not necessary.

3.11.5 PSC LF-14

3.11.5.1 Protection of Human Health and the Environment

Except for Remedial Alternative S-l, No Action, all alternatives considered for PSC LF-14 provide
adequate protection of human health and the environment. The risk assessment concluded that existing site
conditions do not present unacceptable risk to current receptors, and the alternatives considered, excluding
Remedial Alternative S-1, remove either the hazard or the exposure mechanism for potential at-risk receptors.
Furthermore, the vadose zone transport model demonstrated that COCs will not migrate to groundwater.

3.11.5.2 Compliance With ARARs

All remedial alternatives considered for PSC LF-14, except for Remedial Alternative S-l, No Action,
are ARAR-compliant.

3.11.53 Cost Effectiveness

Remedial Alternative S-2, Institutional Controls, was the most cost-effective option satisfying the

evaluation criteria.

3.11.5.4 Utilize Permanent Solutions and Alternative Treatment Technologies to the MEP

The selected remedy utilizes permanent solutions and treatment technologies to the maximum extent
practicable. The five primary balancing criteria were equally decisive factors in the selection decision.
Though the removal and/or treatment alternatives (S-5, S-6, S-8, and S-10) provide a higher degree of long-
term effectiveness, Remedial Alternative S-2 also provides long-term effectiveness in that enforceable land

use restrictions prohibiting residential development will remain with the property for the foreseeable future.

Remedial Alternative S-2 provides the greatest short-term effectiveness in mat it results in no disruption
to the site, and the risk assessment indicates that current conditions do not present unacceptable risk. All

remedial alternatives evaluated were technically implementable without significant interference to site

operations. Based on evaluation of the balancing criteria, Remedial Alternative S-2 was selected as a cost-
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effective alternative that provides protection for human health and the environment. Remedial Alternatives
S-2 was acceptable to the regulatory agencies and to the community.

3.11.5.5 Preference for Treatment as a Principal Element

The existing site conditions do not present unacceptable risk to current receptors. The selected remedy
maintains the current, acceptable level of protection for current conditions, and institutes a provision

prohibiting the unexpected event of residential development in the future. Therefore, treatment is not
necessary.

3.11.6 PSC LF-25

3.11.6.1 Protection of Human Health and the Environment

Except for Remedial Alternative S-l, No Action, all remedial alternatives considered for PSC LF-25
provide adequate protection of human health and the environment. The risk assessment concluded that
existing site conditions present unacceptable risk to current excavation workers. The alternatives considered,
excluding Remedial Alternative S-1, remove either the hazard or the exposure mechanism for potential at-risk
receptors. Furthermore, the vadose zone transport model demonstrated that COCs will not migrate to
groundwater.

3.11.6.2 Compliance With ARARs

All remedial alternatives considered for PSC LF-25, except for Remedial Alternative S-l, No Action,
are ARAR-compliant.

3.11.6.3 Cost Effectiveness

Remedial Alternative S-4 was selected at PSC LF-25 as a cost-effective option satisfying all RAOs and
adapted to the unique conditions of PSC LF-25.

3.11.6.4 Utilize Permanent Solutions and Alternative Treatment Technologies to the MEP

The selected remedy utilizes permanent solutions and treatment technologies to the maximum extent
practicable. The five primary balancing criteria were equally decisive factors in the selection decision.
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Remedial Alternative S-4, metals recovery, is more effective in the long term than the other excavation

alternatives because it not only removes the existing contaminants, but establishes permanent mechanisms that
will control and limit exposure to any future impact to the site that may result from continued use of the

adjacent skeet shooting range.

Remedial Alternative S-4 is most effective in reducing toxicity, mobility, and volume because it
involves recycling the metals involved, which consist of lead shot. All alternatives except S-l are effective
in the short term because they provide for institutional controls that protect excavation workers prior to closure

of the skeet range. All remedial alternatives are technically implementable without significant interference to

Base operations.

Based on evaluation of the balancing criteria, the selected remedy was Remedial Alternative S-4. The
other alternatives considered either did not satisfy the evaluation criteria (S-l), did not provide a desired level
of protection (S-2), or provided comparable effectiveness at an increased cost (S-7 and S-8). Remedial

Alternatives S-4 was acceptable to the regulatory agencies and to the community.

3.11.6.5 Preference for Treatment as a Principal Element

The statutory preference for treatment as a principal element is satisfied for PSC LF-25. Remedial
Alternative S-4 will remove the metal shot from the soil and restore the site to conditions acceptable for
unrestricted land use. Because the skeet range will remain operational after the initial cleanup is conducted,
institutional controls will also be implemented. ADEQ regulations (ARS 49-151 [A]) allow the use of

institutional controls to achieve non-residential site-specific remediation levels, proposed as second measure

in Remedial Alternative S-4.

3.11.7 PSC SD-38

3.11.7.1 Protection of Human Health and the Environment

Except for Remedial Alternative S-l, No Action, all remedial alternatives considered for PSC SD-38
provide adequate protection of human health. All alternatives considered for this PSC were adequately
protective of the environment. The risk assessment concluded that existing site conditions do not present

unacceptable risk to current receptors, and the alternatives considered, excluding Remedial Alternative S-l,
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remove either the hazard or the exposure mechanism for potential at-risk receptors. The vadose zone transport

model demonstrated COCs will not migrate to groundwater.

3.11.7.2 Compliance With ARARs

All remedial alternatives considered for PSC SD-38, except for Remedial Alternative S-1, No Action,

are ARAR-compliant.

3.11.7.3 Cost Effectiveness

Remedial Alternative S-2, Institutional Controls, was the most cost-effective option satisfying the
evaluation criteria.

3.11.7.4 Utilize Permanent Solutions and Alternative Treatment Technologies to the MEP

The selected remedy utilizes permanent solutions and treatment technologies to the maximum extent
practicable. The five primary balancing criteria were equally decisive factors in the selection decision.
Though the removal and/or treatment alternatives (S-5, S-7, S-8, and S-9) provide a higher degree of long-term
effectiveness, Remedial Alternative S-2 also provides long-term effectiveness in that enforceable land use
restrictions prohibiting residential development will remain with the property for the foreseeable future.

While Remedial Alternative S-2 does not actively reduce toxicity, mobility, and volume, because it
does not provide treatment measures, hydrocarbon concentrations will naturally decline with time through
chemical and biological processes. Remedial Alternative S-2 provides the greatest short-term effectiveness
in that it results in no disruption to the site, and the risk assessment indicates that current conditions do not

present unacceptable risk. All remedial alternatives evaluated were technically implementable without
significant interference to site operations.

Based on evaluation of the balancing criteria, Remedial Alternative S-2 was selected as a cost-effective
alternative that provides protection for human health and the environment. Remedial Alternatives S-2 was
acceptable to the regulatory agencies and to the community.
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3.11.7.5 Preference for Treatment as a Principal Element

The existing site conditions do not present unacceptable risk to current receptors. The selected remedy

maintains the current, acceptable level of protection for current conditions, and institutes a provision

prohibiting the unexpected event of residential development in the future. Therefore, treatment is not
necessary.

3.11.8 PSC SS-42

3.11.8.1 Protection of Human Health and the Environment

All remedial alternatives considered for PSC SS-42 provide adequate protection of human health. The
risk assessment concluded that existing site conditions do not present unacceptable risk to current or future

receptors. However, the vadose zone transport model, the comparison of detected BTEX concentrations in

soils to the Arizona Groundwater Protection Limits (GPLs), and the groundwater concentrations of BTEX,

all indicate that hydrocarbons in soils could migrate to groundwater but are unlikely to significantly impact
groundwater quality at concentrations at or near Aquifer Water Quality Standards (AWQSs).

3.11.8.2 Compliance With ARARs

All remedial alternatives considered for PSC SS-42 are ARAR-compliant, except possibly for Remedial

Alternative S-1, No Action. This site does not exceed acceptable risk levels but does present a potential threat

to groundwater.

3.11.8.3 Cost Effectiveness

Remedial Alternative S-l 1 is recommended at PSC SS-42 because it satisfies all evaluation criteria at
a moderate cost.

3.11.8.4 Utilize Permanent Solutions and Alternative Treatment Technologies to the MEP

The selected remedy utilizes permanent solutions and treatment technologies to the maximum extent
practicable. The five primary balancing criteria were equally decisive factors in the selection decision.

Selected remedial alternatives, S-11, provide the highest degree of long-term effectiveness because it removes

the impact or source of risk, thereby, reducing the toxicity, mobility, and volume through treatment.
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Remedial Alternative S-2 provides the greatest short-term effectiveness in that it results in no disruption
to the site, and the risk assessment indicates that current conditions do not present unacceptable risk. However,
the selected remedy, S-11, imposes only minimal potential exposure to the hydrocarbon impacts during system
installation and operation. In-situ treatment Remedial Alternatives are the most implementable and involve
only moderate activity at the site.

Based on evaluation of the balancing criteria, Remedial Alternative S-11 was selected due to its ease

of implementation, moderate cost, and long-term effectiveness. Remedial Alternatives S-11 was acceptable
to the regulatory agencies and to the community.

3.11.8.5 Preference for Treatment as a Principal Element

The statutory preference for treatment as a principal element is satisfied for PSC SS-42. PSC SS-42
is included in the FS because contaminated soils may pose a threat to groundwater.
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4.0 RESPONSIVENESS SUMMARY

The Responsiveness Summary of the ROD summarizes all written and verbal comments received

from the public during the Proposed Plan public comment period. This section also provides Luke AFB
responses to those comments.

4.1 SUMMARY OF PUBLIC COMMENTS

As discussed in Section 3.3 of this document, Highlights of Community Participation, the public
comment period on the Proposed Plan was from April 21,1998 through May 21,1998. In general, the only
verbal comments received during the public comment period were in favor of the proposed remedial
alternatives. Several members of the community commented that they believed Luke AFB was doing a good

job with their environmental program and trusted the Base was making the correct decisions. Only one written
comment was received during the public comment period. The only written comment was in the form of a
letter written by a real estate developer/adjacent property owner. The concerns expressed in the letter include:

• Although they were essentially in agreement with the proposed alternatives, they were not
necessarily in favor of institutional controls at six of the PSCs.

• They were opposed to the description of Luke AFB, in its entirety, as the CERCLA site.
They believed that only the affected areas should be characterized as CERCLA sites.
Additionally, they requested that when these sites are described on maps that they be
distinguished between areas of surface and groundwater contamination.

• They suggested that the public be informed where their drinking water is coming from
in relation to the sites to better illustrate that no impacts to their drinking water have
occurred.

• They suggested that the Base provide a schedule of remedial activities to be conducted
at the PSCs to provide a sense of closure for the environmental activities at the Base.

4.2 RESPONSE TO PUBLIC COMMENTS

This section of the Responsiveness Summary provides Luke AFB's response to the public comments.
Because all of the verbal comments received during the public comment period were in favor of the

recommended remedial alternatives, no response is necessary. Several points were raised in the only written

comment received during the public comment period. The response to this written comment follows:
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Although the use of institutional controls at six of the OU-1 PSCs was not the respondent's most

favored alternative, no other remedial alternatives were offered as their preferred method. Luke AFB believes
that the use of institutional controls at these six sites is protective of military personnel, Base workers, visitors,

and local residents. Additionally, institutional controls are much more cost effective, saving tax payers money,

while still protecting human health or the environment. Based on these considerations, Luke AFB believes
that the use of institutional controls at six of the sites represents the best balance of all of the criteria used in

the selection of remedial alternatives.

The description of Luke AFB as a Superfund site was necessary for several reasons. First, there were
25 PSCs included in the OU-1 investigation that were located across the Base. Secondly, the investigation of

the air and groundwater resources encompassed the entire Base, not just the individual PSCs. Individual

locations of the PSCs are included within the Proposed Plan and within the RI/FS reports. Differentiating

these PSCs between surface and groundwater contaminations is not appropriate because groundwater

contamination was not detected at any of the PSCs. Additionally, because groundwater resources have not
been contaminated from Base activities, indicating where the public receives its groundwater in relation to the

Luke AFB PSCs may create undue concerns.

Luke AFB has always encouraged public participation throughout the entire Superfund process and
will continue to foster this process during the remedial action phase. After a ROD is signed, a schedule for
the implementation of the selected remedial alternatives will be developed and presented to the public.
Informing the public of this schedule is a requirement under Superfund law. When a schedule for the remedial
actions has been developed, Luke AFB will inform the public through newsletters, announcements in local
newspapers, and through their Web Site.
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Î .Bose Worker/Military Personnel
B Excavation Worker
D Other (specify)

D Residential
D Base Worker/Military Pe
D Excavation Worker
ED Other (specify)

D Child Visitor
D Other (specify)

/

rsonnel

FIGURE

J-22



DWC DATE: 06/23/199^ PRJCT NO.: AZ 423.0011 [FILE: ou-1rod\figures I DRAWING: FC21 I CHECKED: BRADDY I APPROVED: JOHNSON | DRAFTER: STILES

Primary
Sources

Secondary
Sources

Transport
Mechanisms

Exposure
Pathways

Receptor
Characterization

D Product Storage
(tanks, drums, etc.)

CI Piping/Distribution
(manifolds, lines,
pumps, etc.)

O Operations
(wash areas, repair
boys, water treatment,
blending tanks,
formulation areas)

SI Waste Management Unit
(impoundments, dry
wells, sludge disposal,
etc.)

D Other (specify)

-r Impacted Surficiol Soils
(<2 ft depth)

Impacted Subsurface
Soils (>2 ft depth)

Dissolved Groundwater
Plume

Free—Phase Liquid
Plume

Impacted Surficiol Soils,
Sediments or Surface
Water

Wind Erosion and
Atmospheric Dispersion

Volatilization and
Atmospheric Dispersion

Volatilization and
Enclosed-Space
Accumulation

Leaching and Croundwater
Transport

D
Mobile Free-Liquid
Migration

L>
Stormwater/Surface
Water Transport

Soil Ingestion/Absorbtion

Inhalation

Incidental ingestion,
absorption and inhalation.

Potable Water Use

Recreation Use/
Sensitive Hobitot

D Child Visitor
B) Base Worker/Military Personnel
60 Excavation Worker
D Other (specify)

D Child Visitor
BT Base Worker/Military Personnel
Sfl Excavation Worker
D Other (specify)

CD Excavation Worker

D Residential
[H Base Worker/Military Personnel
CH Excavation Worker
D Other (specify)

D Child Visitor
D Other (specify)

CONCEPTUAL SITE MODEL
PSC LF-03

OPERABLE UNIT No.1, RECORD OF DECISION
LUKE AIR FORCE BASE, ARIZONA

FIGURE

3-23



DWG DATE: 06/23/1996J PRJCT NO.: AZ 423.011 I FILE: ou-1rod\figures I DRAWING: FC22 I CHECKED: BRADDY I APPROVED: JOHNSON I DRAFTER: STILES

Primary Secondary
Sources Sources

CD Product Storage
(tanks, drums, etc.)

CD Piping/Distribution
(manifolds, lines,
pumps, etc.)

HI Operations
(wash areas, repair

blending tanks,
formulation areas)

D Waste Management Unit
(impoundments, dry
wells, sludge disposal,
etc.)

D Other (specify)

1- ^^^^™

Impacted Surficiol Soils c
-"" (<2 ft depth) "

i AImpacted Subsurface
-*• Soils (>2 ft depth) _»

D —————————————————— —
Dissolved Groundwater
Plume

—————————————————— ^

— »

V —————— I_| Free-Phase Liquid
-"1 Plume [

9 ——————— I cImpacted Surficiol Soils,
1 — •> Sediments or Surface

Water ———————— •

Transport Exposure Receptor
Mechanisms Pathways Characterization

_ ., , .. /.. ... BL Bose Worker/Military Personnel

Wind Erosion and
Atmospheric Dispersion

Volatilization and
Atmospheric Dispersion

Volatilization and
Enclosed -Space
Accumulation

T ——————————————————

Leaching and Groundwater
Transport

f3 —————————————————— 1

Migration

[ Stormwoter/Surface
Water Transport

Bl Excavation Worker

. . . . . D Bose Worker/Military Personnel
LI Excavation Worker

n ——————————
^ Incidental ingestion, _._ f— I rurnunlinn Wnrk.r

absorption and inhalation.

D ———————————————— D Residential
. D Bose Worker/Military Pe

*• Potable Water Use ——— ._. ...
D Excavation Worker

—————————————————— D Other (specify)

A Recreation Use/ D Child Visitor
1 Sensitive Habitat f-j other (specify)

CONCEPTUAL SITE MODEL
PSC FT-07E ,

OPERABLE UNIT No.1, RECORD OF DECISION
LUKE AIR FORCE BASE, ARIZONA

rsonnel

FIGURE

J-24



DWG DATE: 06/23/1996; PRJCT NO.: AZ 423.011 [FILE: ou-1rod\figures I DRAWING: FC22 I CHECKED: BRADDY I APPROVED: JOHNSON I DRAFTER: STILES

Primary Secondary
Sources Sources

HI Product Storoge
(tonks, drums, etc.)

[D Piping/Distribution
(manifolds, lines,
pumps, etc.)

D Operations
(wash areas, repair

blending tanks,
formulation areas)

CD Waste Management Unit
(impoundments, dry
wells, sludge disposal,
etc.)

D Other (specify)

Impacted Surficiol Soils c
"*• (<2 ft depth) °

9 ————————————— I r*
Impacted Subsurface

-•" Soils (>2 ft depth) I—*.

C

9 ——————— I "*
Dissolved Groundwoter
Plume

1
_| Free-Phase Liquid

~~H Plume f

9 ——————— I cImpacted Surficial Soils,
— •• Sediments or Surface

Water ———————— "

Transport Exposure Receptor
Mechanisms Pathways Characterization

_ e.:, , —— «„/*,.._...,:__ H Base Worker/Military Personnel

f ————————————————— IWind Erosion and
Atmospheric Dispersion

p —————————————————— 1
Volatilization and
Atmospheric Dispersion

] —————————————————— 1
Volatilization and
Enclosed -Space
Accumulation

Leaching and Groundwater
Transport

D —————————————————— I

Migration

[ Stormwater/Surfoce
Water Transport

CD Excavation Worker

1 , . . . . D Base Worker/Military Personnel
1 LJ Excavation Worker

9 ———————
———— J Incidental ingestion, r-| Excovation Worker

1 absorption and mholotion.

. D Base Worker/Military Pe
——— *• Potable Water Use ——— ._.

LJ Excavation Worker

n —————————
„ Recreation Use/ D Child Visitor

Sensitive Habitat rj Olner (specify)

CONCEPTUAL SITE MODEL
PSC SS-11 j

OPERABLE UNIT No.1, RECORD OF DECISION
LUKE AIR FORCE BASE, ARIZONA

rsonnel

FIGURE

J-25



DWG DATE; 06/23/1996; PRJCT NO.: AZ 423.0011 [FILE: ou-1rod\figures I DRAWING: FC21 I CHECKED: BRADDY I APPROVED: JOHNSON I DRAFTER: STILES
~1

Primary Secondary
Sources Sources

D Product Storage
(tanks, drums, etc.)

CD Piping/Distribution
(manifolds, lines,
pumps, etc.)

CD Operations
(wash areas, repair

blending tanks,
formulation areas)

HI Waste Management Unit
(impoundments, dry
wells, sludge disposal,
etc.)

CD Other (specify)

u ^̂ "̂™

Impacted Surficiol Soils c
—•• (<2 ft depth) °

i- ————— ——— I r^
' Soils (>2 ft depth) L_»

C

a ————————— -*
Dissolved Groundwoter
Plume

*
Free— Phase Liquid

" Plume r

D —————————————————— 1 r
Impacted Surficial Soils,

' — •• Sediments or Surface
Water ———————— •

Transport Exposure Receptor
Mechanisms Pathways Characterization

f ————————— 1
Wind Erosion and
Atmospheric Dispersion

D —————————————————— 1
Volatilization and
Atmospheric Dispersion

-j ——————————————————

Volatilization and
Enclosed— Space
Accumulation

Leaching and Groundwater
Transport

[ Mobile Free-Liquid
Migration

? ——————————————————
Stormwoter/Surfoce
Water Transport

_ ., , .. /.. ... Sfl Base Worker/Military Personnel
HI Excavation Worker
D Other (specify)

6 H —— —— ——————————— - n Child Visitor
, . , .. Bj^Bose Worker/Military Personnel

SO Excavation Worker

a —————————
———— _ Incidental ingestion, Q Excovotion Worker

absorption and inhalation.

_| _ , , , , . , , , CD Base Worker/Military Personnel——— *-| Potable Water Use ——— r, '
1 LJ Excavation Worker

a ————————
_ Recreation Use/ D Child Visitor

Sensitive Habitat rj other (specify)

CONCEPTUAL SITE MODEL RGURE

PSC OT-12 3-26
OPERABLE UNIT No.1, RECORD OF DECISION

LUKE AIR FORCE BASE, ARIZONA



I DWG DATE: 06/23/199q PRJCT NO.: AZ 423.011 [FILE: ou-1rod\figure3 I DRAWING: FC22 I CHECKED: BRADDY I APPROVED: JOHNSON I DRAFTER: STILES

Primary
Sources

Secondary
Sources

Transport
Mechanisms

Exposure
Pathways

Receptor
Characterization

_
U Product Storage

(tanks, drums, etc.)

CD Piping/Distribution
(manifolds, lines,
pumps, etc.)

(wash areas, repair

blending tanks.
formulation areas)

S) Waste Management Unit

wells, sludge disposal,
etc.)

D Other (specify)

G

h
—— *

c

J

J

f ————— IImpacted Surficial Soils
(<2 ft depth)

f ———————————————— |

Soils (>2 ft depth)

p ——————————————————
Dissolved Croundwoter
Plume

Free-Phase Liquid

Impacted Surficial Soils,

Ej

L

\

:
c

\

f ————— IWind Erosion and
Atmospheric Dispersion

p ——————————————————
Volatilization and
Atmospheric Dispersion

Volatilization and

Accumulation

Leaching and Groundwater

|] —————————————————— I

Migration

C

6j

r

-
\

f ————— I

p —————————
Incidental ingestion.
absorption and inhalation.

Potable Water Use

Water nsport Sensitive Habitat

D Child Visitor
Hi Base Worker/Military Personnel
Si Excavation Worker
O Other (specify)

D Child Visitor
CD Base Worker/Military Personnel
I I Excavation Worker
D Other (specify)

D Excavation Worker

D Residential
D Base Worker/Military Personnel
CD Excavation Worker
D Other (specify)

D Child Visitor
D Other (specify)

CONCEPTUAL SITE MODEL
PSC DP-13

OPERABLE UNIT No.1, RECORD OF DECISION
LUKE AIR FORCE BASE, ARIZONA

FIGURE

3-27



DWG DATE: 06/23/199ej PRJCT NO.: AZ 423.0011 I FILE: ou-1rod\figures I DRAWING: FC21 I CHECKED: BRADDY I APPROVED: JOHNSON DRAFTER: STILES

Primary Secondary
Sources Sources

D Product Storage
(tanks, drums, etc.)

CD Piping/Distribution
(manifolds, lines,
pumps, etc.)

D Operations
(wash areas, repair

blending tanks,
formulation areas)

SI Waste Management Unit
(impoundments, dry
wells, sludge disposal,
etc.)

D Other (specify)

u r^^^^

Impacted Surficiol Soils c
— *" (<2 ft depth) B

f" ——— ~ r-5Impacted Subsurface
~ *" Soils (>2 ft depth) — *.

C

n ————————— | —
Dissolved Groundwater
Plume

1 —————————————————— 1 r-

Transport Exposure Receptor
Mechanisms Pathways Characterization

_ c-:, , —— »:.. /»K..*.:-_ BLBose Worker/Military Personnel

f ————————————————— |
Wind Erosion and
Atmospheric Dispersion

Volatilization and
Atmospheric Dispersion

P —————————————————— 1
Volatilization and

Accumulation

p ——————————————————

Leaching and Groundwater

Free— Phase Liquid

n ——————————— .
Impacted Surficial Soils,

— f- Sediments or Surface
Water ———————— ••

Mobile Free-Liquid
Migration

Stormwoter/Surface
Water Transport

Hi Excavation Worker
D Other (specify)

1 , . , ,. KLBose Worker/Military Personnel
1 HI Excavation Worker

9 ———————
———— ̂  Incidental ingestion, ——— r-, Excavotion Worker

1 absorption and inhalation.

D Base Worker/Military Personnel
——— *• Potable Water Use ———

LJ Excavation Worker

n ——————————
„ Recreation Use/ D Child Visitor

Sensitive Habitat r-| otner (specify)

CONCEPTUAL SITE MODEL
PSC LF-14

OPERABLE UNIT No.1, RECORD OF DECISION
LUKE AIR FORCE BASE, ARIZONA

FIGURE

3-28



DWG DATE: 06/23/199oj PRJCT NO.: AZ 423.011 [FILE: ou-1rodVigures I DRAWING:: FC22 I CHECKED: BRADDY I APPROVED: JOHNSON I DRAFTER: STILES

Primary
Sources

Secondary
Sources

Transport
Mechanisms

Exposure
Pathways

Receptor
Characterization

Impacted Surficiol Soils
r"~* /^o <» ,4__»b^

Soil Ingestion/Absorbtion

jf
HI Product Storage

(tanks, drums, etc.)

CD Piping/Distribution
(manifolds, lines,
pumps, etc.)

(wash areas, repair

blending tanks,
formulation areas)

CD Waste Management Unit

wells, sludge disposal,
etc.)

D Other (specify)

ofI
~"1 Soils (>2 ft depth)

n ——————————
Dissolved Groundwater

* Plume

D ———————————————— |
_ Free-Phase Liquid
" Plume

n ——————————
1 Impacted Surficial Soils,

— »l Sediments or Surface
1 Water

L—

— »

C

C
— *

C

:
c

C

Wind Erosion and
Atmospheric Dispersion

D —————————————————— |
Volatilization and
Atmospheric Dispersion

D —————————————————— 1
Volatilization and

Accumulation

Leaching ond Croundwoter

? —————————————————— 1
Mobile Free-Liquid
Migration

D ——————————————————
Stormwoter/Surface
Water Transport

fij

rl
C

:

f ————— I

[ Incidental ingestion,
absorption and inhalation.

? —————————————————— I
Potable Water Use

D ————————————————
Recreation Use/
Sensitive Habitat

n Child Visitor
8f,Bose Worker/Military Personnel
El Excavation Worker
D Other (specify)

D Child Visitor
D Base Worker/Military Personnel
O Excavation Worker
O Other (specify)

CD Excavation Worker

D Residential
CD Base Worker/Military Personnel
CD Excavation Worker

D Other (specify)

D Child Visitor
D Other (specify)

CONCEPTUAL SITE MODEL
PSC SS-17

OPERABLE UNIT No.1, RECORD OF DECISION
LUKE AIR FORCE BASE, ARIZONA

FIGURE

3-29



DWGDATE: 06/23/1998 PRJCT NO.: AZ 423.011 I FILE: ou-1rod\figures DRAWING: FC22 I CHECKED: BRADDY I APPROVED: JOHNSON I DRAFTER: STILES

Primary Secondary
Sources Sources

D Product Storage
(tanks, drums, etc.)

D Piping/Distribution
(manifolds, lines,
pumps, etc.)

D Operations
(wash areas, repair

blending tanks,
formulation areas)

Sf Waste Management Unit
(impoundments, dry
wells, sludge disposal,
etc.)

D Other (specify)

a ^^^^m

Impacted Surficial Soils c
-*• (<2 ft depth) 1

ti( r

T 1—_| Impacted Subsurface
~*1 Soils (>2 ft depth) 1— »

\T Dissolved Groundwater
Plume

Transport Exposure Receptor
Mechanisms Pathways Characterization

^ ^
_ ., . ,. /.. ... SB Base Worker/Military Personnel

Wind Erosion and
Atmospheric Dispersion

? —————————————————— 1
Volatilization and
Atmospheric Dispersion

Volatilization and

Accumulation

1 ———————————— 1 ^ n ————————————

— »

T —————— 1_| Free-Phase Liquid
~*1 Plume f

D —————————————————— 1 r
Impacted Surficial Soils,

— •• Sediments or Surface
Water - •

Leaching and Groundwater
Transport

? —————————————————— 1

Migration

? —————————
Stormwoter/Surface
Water Transport

O Excovotion Worker
D Other (specify)

. . . . . D Base Worker/Military Personnel
LJ Excavation Worker

D ——————————————
———— _ Incidental ingestion, ——— n Excovotion Worker

absorption and inhalation.

. . . . . . . . . . D Base Worker/Military Pe
——— •• Potable Water Use ——— ._.

LJ Excovotion Worker

n ——————————
f Recreation Use/ D Child Visitor

Sensitive Habitat fj other (specify)

CONCEPTUAL SITE MODEL
PSC SD-20 j

OPERABLE UNIT No.1, RECORD OF DECISION
LUKE AIR FORCE BASE, ARIZONA

rsonnel

FIGURE

J-30



DWG DATE: 06/23/199^ PRJCT NO.: AZ 423.0011 I FILE: ou-1rod\figures I DRAWING: FC21 I CHECKED: BRADDY I APPROVED: JOHNSON I DRAFTER: STILES

Primary Secondary
Sources Sources

Bfl Product Storage
(tanks, drums, etc.)

SB Piping/Distribution
(manifolds, lines,
pumps, etc.)

D Operations
(wash areas, repair

blending tanks,
formulation areas)

CD Waste Management Unit
(impoundments, dry
wells, sludge disposal,
etc.)

D Other (specify)

f ———————— I1 Impacted Surficiol Soils c
-*1 (<2 ft depth) »

Of ""
Impacted Subsurface

-*• Soils (>2 ft depth) _»

1T Dissolved Groundwater
Plume

*
Free-Phase Liquid

1 Plume f

i- ———— i 5Impacted Surficial Soils.
— * Sediments or Surface

Water " '•'••

Transport Exposure Receptor
Mechanisms Pathways Characterization

^
^ *.:, , —— ,:__ /A*.._.K.:__ SB Bose Worker/Militory Personnel

f ————————————————— 1Wind Erosion and
Atmospheric Dispersion

T ——————————————————— -

Volatilization and
Atmospheric Dispersion

f ————————————————— 1Volatilization and

Accumulation

Leaching and Groundwater
Transport

[ Mobile Free-Liquid
Migration

f —————————————————Stormwater/Surface
Water Transport

CD Excavation Worker
—————————————————— D Other (specify)

. . . . . SB Base Worker/Military Personnel
LJ Excavation Worker

9 ———————
1 Incidental inqestion. ^T 1—1 !-„,.„, n,-nn i«i,-.ri,.r
1 absorption and inhalation.

D Base Worker/Military Personnel
——— •- Potable Water Use ——— IT ' '

LJ Excavation Worker

fc Recreation Use/ 5?T Child Visitor
Sensitive Habitat gf Other (specify)

CONCEPTUAL SITE MODEL
PSC SD-21 ,

OPERABLE UNIT No.1, RECORD OF DECISION
LUKE AIR FORCE BASE, ARIZONA

FIGURE

3-31



I DWG DATE: 06/23/1996] PRJCT NO.: AZ 423.0011 [FILE: ou-1rod\figures I DRAWING: FC21 I CHECKED: BRADDY I APPROVED: JOHNSON I DRAFTER: STILES

Primary
Sources

Secondary
Sources

Transport
Mechanisms

Exposure
Pathways

Receptor
Characterization

CD Product Storage
(tanks, drums, etc.)

D Piping/Distribution
(manifolds, lines,
pumps, etc.)

(wash areas, repair

blending tanks.
formulation areas)

53 Waste Management Unit

wells, sludge disposal,
etc.)

CD Other (specify)

i

6
— *

C

r
— »

r

i ————————— i
Impacted Surficiol Soils
(<2 ft depth)

f ———————————————— |

Soils (>2 ft depth)

D ———————————————— i
Dissolved Groundwater
Plume

? ———————————————— I
Free-Phase Liquid
Plume

: ————————— i
Impacted Surficial Soils,

Ej

C
— »

C

:
-

c

f ————— IWind Erosion and
Atmospheric Dispersion

P —————————————————— 1
Volatilization and
Atmospheric Dispersion

: ————————— -
Volatilization and

Accumulation

Leaching and Groundwater

[ Mobile Free-Liquid
Migration

P ——————————————————

G

-
c

c

c

f ——— I

P ——————————
Incidental ingestion.
absorption and inhalation.

? ——————————————————— I
Potable Water Use

P ——————————————————

Water Water Transport Sensitive Habitat

D Child Visitor
SB Base Worker/Military Personnel
SB Excavation Worker
D Other (specify)

D, Child Visitor
SQLBase Worker/Military Personnel
68 Excavation Worker

D Other (specify)

CD Excavation Worker

D Residential
D Base Worker/Military Personnel
CD Excavation Worker

D Other (specify)

D Child Visitor
D Other (specify)

CONCEPTUAL SITE MODEL
PSC LF-25

OPERABLE UNFT No.1, RECORD OF DECISION
LUKE AIR FORCE BASE, ARIZONA

FIGURE

3-32



DWG DATE: 06/23/199^ PRJCT NO.: AZ 423.011 [FILE: ou-1rod\figures I DRAWING: FC22 I CHECKED: BRADDY I APPROVED: JOHNSON I DRAFTER: STILES

Primary Secondary
Sources Sources

D Product Storage
(tanks, drums, etc.)

CD Piping/Distribution
(manifolds, lines,
pumps, etc.)

CD Operations
(wash areas, repair

blending tanks,
formulation areas)

SB Waste Management Unit
(impoundments, dry
wells, sludge disposal,
etc.)

D Other (specify)

4 ————————————————— ,
Impacted Surficial Soils c

-*• (<2 ft depth) *

f/ ""r*
~~*" Soils (>2 ft depth) I — »

C

n ——————————— , —
Dissolved Groundwater
Plume

*
^ Free-Phase Liquid
* Plume f

n —————————— , p
Impacted Surficial Soils,

— » Sediments or Surface
Water ———————— ••

Transport Exposure Receptor
Mechanisms Pathways Characterization

rS ~t

_l ^:, , —— ,:„ /A,—.I..:__ HBose Worker/Military Personnel

f. ————————————————— ,
Wind Erosion and
Atmospheric Dispersion

P —————————————————— I
Volatilization and
Atmospheric Dispersion

i3 ——————————— IVolatilization and

Accumulation

Leaching and Groundwater
Transport

[ Mobile Free-Liquid
Migration

D —————————————————— |
Stormwoter/Surface
Water Transport

I CD Excavation Worker

. . . . . D Base Worker/Military Personnel
CD Excavation Worker

a —————————
^ Incidental inqestion. __ _ r—< rjxtava(ion Worker

absorption and inhalation. ' ' """ "" " ~

_ , . , . , , CD Base Worker/Military Personnel———— *• Potable Water Use ——— IT '
LJ Excavation Worker

n ——————————
___ J Recreation Use/ CD Child Visitor

1 Sensitive Habitat Q other (specify)

CONCEPTUAL SITE MODEL
PSC SD-26 j

OPERABLE UNIT No.1, RECORD OF DECISION
LUKE AIR FORCE BASE, ARIZONA

FIGURE

J-33



DWG DATE: 06/23/199fc| PRJCT NO.: AZ 423.0011 I FILE: ou-1rod\figures DRAWING: FC21 I CHECKED: BRADDY I APPROVED: JOHNSON I DRAFTER: STILES

Primary
Sources

Secondary
Sources

Transport
Mechanisms

Exposure
Pathways

Receptor
Characterization

_
D Product Storage

(tanks, drums, etc.)

D Piping/Distribution
(manifolds, lines.
pumps, etc.)

(wash areas, repair

blending tanks.
formulation areas)

HI Waste Management Unit

wells, sludge disposal,
etc.)

D Other (specify)

5

Gi

— »

L

r
— »

L\

f. _____ .
Impacted Surficial Soils
(<2 ft depth)

f ———————————————— I
Soils (>2 ft depth)

? ———————————————— IDissolved Groundwoter
Plume

? —————————————————— IFree-Phase Liquid
Plume

Impacted Surficial Soils,
Sediments or Surface
Water

5

C

r.

r.

c

^

f —————— I
Wind Erosion and
Atmospheric Dispersion

P ———————— I
Volatilization and
Atmospheric Dispersion

-] —————————————————— |
Volatilization and

Accumulation

? ——————————————————
Leaching and Groundwoter

D ——————————————————— I
Mobile Free-Liquid
Migration

[ Stormwoter/Surface
Water Transport

D

Ej

t

:

H

f ————————— 1

p ——————————
Incidental ingestion,
absorption and inhalation.

P —————————————————— 1
Potable Water Use

Recreation Use/
Sensitive Habitat

D, Child Visitor
Hi Base Worker/Military Personnel
H Excavation Worker
D Other (specify)

D Child Visitor
ShBose Worker/Military Personnel
Hf Excavation Worker
O Other (specify)

EH Excavation Worker

D Residentiol
D Base Worker/Military Personnel
O Excavation Worker
D Other (specify)

D Child Visitor
D Other (specify)

CONCEPTUAL SITE MODEL
PSC LF-37

OPERABLE UNIT No.1, RECORD OF DECISION
LUKE AIR FORCE BASE, ARIZONA

FIGURE

3-34



DWG DATE: 06/23/1998 PRJCT NO.: AZ 423.011 I FILE: ou-1rod\figures I DRAWING: FC22 I CHECKED: BRADDY I APPROVED: JOHNSON DRAFTER: STILES

i

Primary Secondary
Sources Sources

O Product Storage
(tanks, drums, etc.)

CD Piping/Distribution
(manifolds, lines,
pumps, etc.)

O Operations
(wash areas, repair

blending tanks,
formulation areas)

Bf Waste Management Unit
(impoundments, dry
wells, sludge disposal,
etc.)

D Other (specify)

i- ———— iImpacted Surficial Soils ~
—•• (<2 ft depth) D

[/ ""T i—^1 Impacted Subsurface
~*1 Soils (>2 ft depth) L_»

C

n —————————— -*
Dissolved Groundwoter
Plume

—————————————————— ^
— *

7 —————— 1^| Free— Phase Liquid
~*1 Plume f

Impacted Surficial Soils,
— • Sediments or Surface

Water ————————— *

Transport Exposure Receptor
Mechanisms Pathways Characterization

< —————————— I
Wind Erosion and
Atmospheric Dispersion

Volatilization and
Atmospheric Dispersion

T ————————————————
Volatilization and

Accumulation

P —————————————————— 1
Leaching and Groundwoter
Transport

Migration

P —————————————————— |
Stormwoter/Surface
Water Transport

————— Soil Ingestion/Absorbtion ^Bose Worker/Military Personnel
Del Excavation Worker

—————————————————— D Other (specify)

1 . . . . . D Base Worker/Military Personnel
1 LJ Excavation Worker
1 —————————————————— D Other (specify)

9 ———————
1 Incidental inqestion. r—i r,,, -,-,,, nr,,,, ui.,.i,.r
1 absorption and inhalation.

——— *• Potable Water Use ——— _
U Excavation Worker

————————————— . — - —— D Other (specify)

fcl Recreation Use/ D Child Visitor
1 Sensitive Habitat fj other (specify)

FIPl IRF
CONCEPTUAL SITE MODEL

PSC SD-38 3-35
OPERABLE UNIT No.1, RECORD OF DECISION

LUKE AIR FORCE BASE, ARIZONA



I DWG DATE: 06/23/199^ PRJCT NO.: AZ 423.0011 I FILE: ou-1rod\figures I DRAWING: FC21 I CHECKED: BRADDY I APPROVED: JOHNSON DRAFTER: STILES

Primary Secondary
Sources Sources

O Product Storage
(tanks, drums, etc.)

CD Piping/Distribution
(manifolds, lines,
pumps, etc.)

SB Operations
(wash areas, repair

blending tanks,
formulation areas)

CD Waste Management Unit
(impoundments, dry
wells, sludge disposal,
etc.)

D Other (specify)

U J
Impacted Surficial Soils c

—•• (<2 ft depth) &

uT r
f r*__ 1 Impacted Subsurface

—"1 Soils (>2 ft depth) _»
1 —————— •>

C

n ————————— -*
Dissolved Groundwater

""*" Plume

*

Transport Exposure Receptor
Mechanisms Pathways Characterization

f —————————— 1Wind Erosion ond
Atmospheric Dispersion

D —————————————————— |
Volatilization and
Atmospheric Dispersion

D —————————————————— 1
Volatilization and

Accumulation

Leaching and Groundwater
Transport

Free-Phase Liquid

9 ——————— I cImpacted Surficial Soils,
— • Sediments or Surface

Water ______ •

Mobile Free-Liquid
Migration

D —————————————————— |
Stormwater/Surfoce
Water Transport

1 _ ., . .. ... ... SB Base Worker/Military Personnel
I El Excavation Worker

fi H ———————————————— CD, Child Visitor
. . . . . SQLBase Worker/Military Personnel

Bl Excavation Worker

——— ——————— __ —————— D Other (specify)

a —————————
———— ̂  Incidental ingestion. rj Excovolion Worker

absorption ond inhalation.

. . D Base Worker/Military Personnel
——— *• Potable Water Use ——— ,_.

|_l Excavation Worker

n —————————
Recreation Use/ D Child Visitor
Sensitive Habitat fj other (specify)

CONCEPTUAL SITE MODEL FIGURE

PSC SD-39 3-36
OPERABLE UNIT No.1, RECORD OF DECISION

LUKE AIR FORCE BASE, ARIZONA



DWG DATE: 06/23/1998 PRJCT NO.: AZ 423.0011 I FILE: ou-1rod\figures I DRAWING: FC21 I CHECKED: 8RADDY I APPROVED: JOHNSON I DRAFTER: STILES

Primary
Sources

Secondary
Sources

Transport
Mechanisms

Exposure
Pathways

Receptor
Characterization

S3 Product Storage
(tanks, drums, etc.)

SB Piping/Distribution
(manifolds, lines,
pumps, etc.)

D Operations
(wash areas, repair
bays, water treatment,
blending tanks,
formulation areas)

D Waste Management Unit
(impoundments, dry
wells, sludge disposal,
etc.)

D Other (specify)

Impacted Surficial Soils
(<2 ft depth)

Impacted Subsurface
Soils (>2 ft depth)

Dissolved Groundwater
Plume

D
Free-Phase Liquid
Plume

Impacted Surficial Soils,
Sediments or Surface
Water

Wind Erosion and
Atmospheric Dispersion

D
Volatilization and
Atmospheric Dispersion

D
Volatilization and
Enclosed-Spoce
Accumulation

Leaching and Groundwater
Transport

I[ Mobile Free— Liquid
Migration

Stormwoter/Surfoce
Water Transport

Soil Ingestion/Absorbtion

Inhalation

?—————————————————
J Incidental ingestion,

I absorption and inhalation.

D
Potable Water Use

Recreation Use/
Sensitive Habitat

n Child Visitor
BTSose Worker/Military Personnel
SB Excavation Worker
D Other (specify)

D,Child Visitor
Hf,Bose Worker/Military Personnel
Hf Excavation Worker
D Other (specify)

CD Excavation Worker

D Residential
D Base Worker/Military Personnel
n Excavation Worker
D Other (specify)

D Child Visitor
D Other (specify)

CONCEPTUAL SITE MODEL
PSC SS-42

OPERABLE UNIT No.1, RECORD OF DECISION
LUKE AIR FORCE BASE, ARIZONA

FIGURE

3-37



DWG DATE: 06/23/1996J PRJCT NO.: AZ 423.0011 I FILE: ou-1rod\figures I DRAWING: FC21 I CHECKED: BRADDY I APPROVED: JOHNSON I DRAFTER: STILES

Primary
Sources

Secondary
Sources

Transport
Mechanisms

Exposure
Pathways

Receptor
Characterization

LJ Product Storage
(tanks, drums, etc.)

D Piping/Distribution
(manifolds, lines.
pumps, etc.)

(wash areas, repair

blending tanks,
formulation areas)

D Waste Management Unit

wells, sludge disposal,
etc.)

SI Other (specify)

L

*

C
— •.

S

J

r
— »

p ————————— 1
Impacted Surficial Soils
(<2 ft depth)

P ———————————————— 1

Soils (>2 ft depth)

< ———————————————— I
Dissolved Groundwater
Plume

Free -Phase Liquid

D —————————————————— I
Impacted Surficiol Soils,
Sediments or Surface
Water

— ••

c

t:

c

Ej

c

c

i ————————— -
Wind Erosion and
Atmospheric Dispersion

p ———————— -
Volatilization and
Atmospheric Dispersion

3 —————————————— i
Volatilization and

Accumulation

/ —————————————————

Leaching and Groundwater

P ——————————————————— I

Mobile Free-Liquid
Migration

? —————————————————— 1
Stormwater/Surface
Water Transport

L

c

c

1
•
:

p ————————— i

p —————————
Incidental ingestion,
absorption and inhalation.

< ————
Potable Water Use

11 ——————————————————
Recreation Use/
Sensitive Habitat

D Child Visitor
D Base Worker/Military Personnel
CH Excavation Worker
D Other (specify)

D Child Visitor
D Base Worker/Military Personnel
CD Excavation Worker
D Other (specify)

D Excavation Worker

SL Residential
Bfl Base Worker/Military Personnel
D Excavation Worker

D Other (specify)

D Child Visitor
D Other (specify)

CONCEPTUAL SITE MODEL
PRODUCTION WELLS

OPERABLE UNIT No.1, RECORD OF DECISION
LUKE AIR FORCE BASE, ARIZONA

FIGURE

3-38



DWG DATE: 06/23/199E[ PRJCT NO.: AZ 423.0011 [FILE: ou-1rod\figures I DRAWING: FC21 I CHECKED: BRADDY I APPROVED: JOHNSON I DRAFTER: STILES

Primary Secondary
Sources Sources

Lj-̂ ^^™

Transport Exposure Receptor
Mechanisms Pathways Characterization

_ e.:i , —— ,:__ /AK._,W:__ d Base Worker/Militory Personnel
Impacted Surficial Soils ,— L

60 Product Storage
(tanks, drums, etc.)

CJ Piping/Distribution
(manifolds, lines,
pumps, etc.)

SB Operations
(wash areas, repair

blending tanks,
formulation areas)

50 Waste Management Unit
(impoundments, dry
wells, sludge disposal,
etc.)

SB Other (specify)

^ (<2 ft depth; "•

r

"? ———————— I r^
~* Soils (>2 ft depth) !_».

"I

Dissolved Groundwater
"" Plume

1

Wind Erosion and
Atmospheric Dispersion

Volatilization and
Atmospheric Dispersion

Volatilization and
Enclosed-Space
Accumulation

f ————————Leaching and Groundwoter
Transport

Free-Phase Liquid

9 ————————— 1 r.Impacted Surficial Soils,
1 — •• Sediments or Surface

Water ———————— *

Mobile Free-Liquid
Migration

[ Stormwoter/Surfoce
Water Transport

CH Excavation Worker

. . . . . [~l Base Worker/Military Personnel
LJ Excavation Worker

n ———————————
———— ̂  Incidental ingestion. rj Excavotion Worker

absorption and inhalation.

„ , , , . . Sf Base Worker/Military Personnel
——— •• Potoble Water Use ——— ._. '

LJ Excavation Worker

^1 Recreation Use/ D Child Visitor
1 Sensitive Habitat fj other (specify)

CONCEPTUAL SITE MODEL
MONITORING WELLS

OPERABLE UNIT No.1, RECORD OF DECISION
LUKE AIR FORCE BASE, ARIZONA

FIGURE

3-39



TABLE 3-1
OCCURRENCE OF CONSTITUENTS DETECTED IN SURFICIAL SOIL SAMPLES AT

PSC RW-02
Luke Air Force Base, Arizona

Frequency
Constituents Detects /

BNAs
Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b)fluoranthene
Benzo(g,h,i)perylene
Benzo(k)fluoranthene
bis(2-Ethylhexyl)phthalate
Chrysene
Fluoranthene
lndeno(1 ,2,3-cd)pyrene
Phenanthrene
Pyrene

TRPH

Metals
Arsenic
Barium
Cadmium
Chromium
Copper
Lead
Mercury
Nickel
Zinc

1 i
1 ,
1 i
1 ,
1 i
1 ,
1 i
1 ,
1 ,
1 ,
1 ,

9.

4,
13 ,
3 ,

13,
13,
13,
1 ,

13,
13,

' Total

n
'7
17
17
n
17
17
17
17
17
n

M3

M3
M3
M3
M3
M3
M3
M3
M3
M3

Range of Detects
Min - Max

0.11
0.10
0.11

0.051
0.10

0.071
0.12
0.18
0.048
0.081
0.14

20-1,000

6.0 - 9.0
62 - 274

0.30 - 0.80
6.7 - 24.3

12.9 - 32.2
6.0-117

0.40
12 -22

23.3 - 109

Total
Min

0.085
0.085
0.085
0.051
0.085
0.024
0.085
0.085
0.048
0.081
0.085

5.0

2.5
62

0.15
6.7

12.9
6.0

0.050
12

23.3

Range
-Max

-0.11
-0.10
-0.11
- 0.051
-0.10
- 0.071
-0.12
-0.18
-0.048
- 0.081
-0.14

-1,000

-9.0
-274
-0.80
-24.3
-32.2
-117
-0.40
-22
-109

Average

0.11
0.098
0.11

0.051
0.098
0.064
0.12
0.17
0.048
0.081
0.13

180

4.0
140
0.28
18
22
22

0.11
17
44

Region IX Maximum
UCL Residential PRG Exceeds PRG?

0.11
0.10
0.11

0.051
0.10
0.077
0.12
0.19
0.048
0.081
0.15

330

5.3
160
0.38
20
25
36

0.15
18
55

0.61
0.061
0.61
100 [a]
6.1
32
7.2

2,600
0.61
100 [a]
100

110 [b]

0.38
5,300

38
210 [c]

2,800
400
23 [d]

1,500
23,000

no
YES
no
no
no
no
no
no
no
no
no

YES

YES
no
no
no
no
no
no
no
no

Footnotes appear on Page 2.
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TABLE 3-1
OCCURRENCE OF CONSTITUENTS DETECTED IN SURFICIAL SOIL SAMPLES AT

PSC RW-02
Luke Air Force Base, Arizona

Soil concentrations are given in milligrams per kilogram (mg/kg).

[a] Pyrene is used as a surrogate for comparison to the Region IX PRG.
[b] n-Hexane is used as a surrogate for comparison to the Region IX PRG.
[c] Total chromium is used as a a surrogate for comparison to the Region IX PRG.
[d] Mercuric chloride is used as a surrogate for comparison to the Region IX PRG.
Average Arithmetic average of the total number of samples, using proxy concentrations for non-detects.
BNAs Base-neutral and acid extractable compounds.
PRG Reliminary Remediation Goal.
TRPH Total recoverable petroleum hydrocarbon.
UCL 95 percent upper confidence limit (one-tailed) on the mean, assuming a normal distribution.
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Pagel of 2

TABLE 3-2
OCCURRENCE OF CONSTITUENTS DETECTED IN SURFACE AND SUBSURFACE SOIL SAMPLES AT

PSC RW-02
Luke Air Force Base, Arizona

Frequency
Constituents Detects / Total

BNAs
2-Methylnaphthalene
Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b)fluoranthene
Benzo(g,h,i)perylene
Benzo(k)fluoranthene
Bis(2-ethylhexyl)phthalate
Chrysene
Di-n-butyl phthalate
Di-n-octyl phthalate
Fluoranthene
lndeno(1 ,2,3-cd)pyrene
Phenanthrene
Pyrene

TRPH

Metals
Arsenic
Barium
Beryllium
Cadmium
Chromium
Copper
Lead
Mercury
Nickel

1 /21
1 /21
1 721
1 /21
1 /21
1 /21
4/21
1 721
1 /21
2/21
1 /21
1 /21
1 /21
1 /21

22/38

14/38
38/38
3/38

13/38
38/38
38/38
37/38
2 /38

38/38

Range of Detects
Min - Max

0.32
0.11
0.10
0.11

0.051
0.10
0.071
0.12
0.39

0.25 - 0.52
0.18
0.048
0.081
0.14

20-4,100

6.0 - 19
35.1 - 357
0.50 - 0.70
0.30 - 58
5.3 - 63
8.2 - 4,840
6.0 - 680

0.40 - 0.64
6.0 - 31

Total Range
Min - Max

0.085 - 0.32
0.085-0.11
0.085 - 0.10
0.085-0.11
0.051 - 0.051
0.085 - 0.10

0.0235 - 5.1
0.085-0.12
0.085 - 0.39
0.085 - 0.52
0.085-0.18
0.048 - 0.048
0.081 - 0.081
0.085 - 0.14

5.0-4,100

2.5 - 19
35.1 - 357
0.15-0.70
0.15 - 58
5.3 - 63
8.2 - 4,840
2.5 - 680

0.05 - 0.64
6.0 - 31

Average

0.16
0.10
0.10
0.10
0.051
0.095
0.43
0.11
0.16
0.17
0.15
0.048
0.081
0.12

290

4.9
140
0.24
2.4
21
160
56

0.12
19

UCL

0.18
0.11
0.10
0.11
0.051
0.098
0.85
0.11
0.19
0.21
0.16
0.048
0.081
0.13

530

6.0
160
0.27
5.0
24
370
91

0.15
20

Region IX Maximum
Residential PRG Exceeds PRG?

240
0.61

0.061
0.61
100
6.1
32
7.2

6,500
1,300
2,600
0.61
100
100

110

0.38
5,300
0.14
38

210
2,800
400
23

1,500

[a] no
no

Yes
no

[b] no
no
no
no
no
no
no
no

[b] no
no

[c] YES

YES
no

YES
YES

[d] no
YES
YES

[e] no
no

Footnotes appear on Page 2.
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Page 2 of 2

TABLE 3-2
OCCURRENCE OF CONSTITUENTS DETECTED IN SURFACE AND SUBSURFACE SOIL SAMPLES AT

PSC RW-02
Luke Air Force Base, Arizona

Frequency
Constituents

Metals cont.
Silver
Uranium
Zinc

Detects

5
2

38

/Total

738
12
/38

Range of Detects
Min

1.0
0.489

17

-Max

-12
-1.03
-3.660

Total
Min

0.25
0.489

17

Range
-Max

-12
-1.03
-3.660

Average

0.82
0.76
200

UCL

1.3
2.5
360

Region IX
Residential PRG

380
230

23,000

Maximum
Exceeds PRG?

no
[fj no

no

1 738 0.50 0.25 - 0.50 0.26 0.27 1,300 no

Radionuclides
Gross Alpha (pCi/g)
Gross Beta (pCi/g)
Radium-226 (pCi/g)
Radium-228 (pCi/g)

2
2
2
2

72
72
72
72

6.17
21.1

0.476
0.512

-7.71
-22.2
- 0.752
- 0.739

6.17
21.1

0.476
0.512

-7.71
-22.2
- 0.752
- 0.739

6.9
22

0.61
0.63

12.0
25
1.5
1.3

8.19
22.9
0.61

0.6025

[g]
[g]
[g]
[g]

no
no

YES
YES

Soil concentrations are given in milligrams per kilogram (mg/kg), except for the radionuclides which are given in picocuries per gram (pCi/g).

[a] Napthalene is used as a surrogate for comparison to the Region IX PRG.
[b] Pyrene is used as a surrogate for comparison to the Region IX PRG.
[c] n-Hexane is used as a surrogate for comparison to the Region IX PRG.
[d] Total chromium is used as a surrogate for comparison to the Region IX PRG.
[e] Mercuric chloride is used as a surrogate for comparison the Region IX PRG.
[f] 1996 Region IX PRG is not available; 1994 Region IX PRG used for comparison purposes (USEPA, 1994c).
[g] Region IX PRG not available; value shown is average concentration in background samples MW-115 (10-12 feet below ground

surface), and SB-11(10-12 feet below ground surface). Average detect compared to average background concentration.
Average Arithmetic average of the total number of samples, using proxy concentrations for non-detects.
BNAs Base-neutral and acid extractable compounds.
PRG Preliminary Remediation Goal.
TRPH Total recoverable petroleum hydrocarbon.
UCL 95 percent upper confidence limit (one-tailed) on the mean, assuming a normal distribution.
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TABLE 3-3
OCCURRENCE OF CONSTITUENTS DETECTED IN GROUNDWATER SAMPLES AT

PSC RW-02
Luke Air Force Base, Arizona

Frequency
Constituents Detects <

Metals
Arsenic
Barium
Chromium
Copper
Lead
Nickel
Zinc

7 ,
7,
8
3 ,
5 ,
2 ,
8 ,

I Total

'8
17
ts
ta
18
IQ
16

Range of Detects
Min

0.0060
0.020
0.013
0.013

0.0030
0.029
0.236

-Max

-0.017
- 0.071
- 0.058
- 0.276
-0.018
- 0.042
-0.86

Total
Min

0.0025
0.020
0.013

0.0050
0.0010
0.010
0.236

Range
-Max

-0.017
- 0.071
- 0.058
- 0.276
-0.018
- 0.042
-0.86

Average

0.010
0.042
0.022
0.051
0.0066
0.016
0.54

UCL

0.014
0.055
0.032
0.12

0.011
0.025
0.69

Region IX Maximum
Tap Water Exceeds PRG?

PRG

0.000045
2.6
0.18 [a]
1.4

0.004
0.73
11

YES
no
no
no

YES
no
no

Groundwater concentrations are given in milligrams per liter (mg/L).

[a] Chromium VI is used as a surrogate for comparison to the Region IX PRG.
Average Arithmetic average of the total number of samples, using proxy concentrations for non-detects.
PRG Preliminary remediation goals.
UCL 95 percent upper confidence limit (one-tailed) on the mean, assuming a normal distribution.
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TABLE 3-4
OCCURRENCE OF CONSTITUENTS DETECTED IN SURFICIAL SOIL SAMPLES AT

PSC LF-03
Luke Air Force Base, Arizona

Frequency
Constituent Detects /

Metals
Arsenic
Barium
Beryllium
Cadmium
Chromium
Copper
Lead
Nickel
Zinc

1 ,
4 ,
2 ,
4 ,
4 ,
4 ,
4 ,
4 ,
4 ,

t Total

f 4
14
14
14
14
14
14
14
14

Range of Detects
Min -Max

5.2
81.7
0.70

1.
10.
10.
7.
8.

22.

4
6
.7
.2
3
.3

-181
-0.70
-2.1
-20.1
-32.9
-13.5
-18.8
-45.6

Total
Min

2.5
81.7
0.25

1.4
10.6
10.7
7.2
8.3

22.3

Range
-Max

-5.2
-181
-0.70
-2.1
-20.1
-32.9
-13.5
-18.8
-45.6

Average

3.2
130
0.48
1.6
16
21
10
14
36

UCL

4.8
180
0.78
2.0
21
33
14
20
49

Region IX Maximum
Residential PRGs Exceeds PRG?

0.38
5,300
0.14
38

210
2,800
400

1,500
23,000

YES
no

YES
no

[a] no
no
no
no
no

Soil concentrations are given in milligrams per kilogram (mg/kg).

[a] Total chromium is used as a surrogate for comparison to the Region IX PRG.
Average Arithmetic average of the total number of samples, using proxy concentrations for non-detects.
PRG Preliminary Remediation Goal.
UCL 95 percent upper confidence limit (one-tailed) on the mean, assuming a normal distribution.
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TABLE 3-5
OCCURRENCE OF CONSTITUENTS DETECTED IN SURFACE AND SUBSURFACE SOIL SAMPLES AT

PSC LF-03
Luke Air Force Base, Arizona

Frequency
ConstituentsDetects / Total

Range of Detects
Min - Max

Total Range
Min - Max Average UCL

Region IX
Residential PRG

Maximum
Exceeds PRG?

TRPH 2 712 10-20 5.0 - 20 6.7 9.0 110

Soil concentrations are given in milligrams per kilogram (mg/kg).

[a] n-Hexane is used as surrogate for comparison to the Region IX PRG.
[b] Total chromium is used as surrogate for comparison to the Region IX PRG.
Average Arithmetic average of the total number of samples, using proxy concentrations for non-detects.
PRG Preliminary Remediation Goal.
TRPH Total recoverable petroleum hydrocarbon.
UCL 95 percent upper confidence limit (one-tailed) on the mean, assuming a normal distribution.

[a] no

Metals
Arsenic
Barium
Beryllium
Cadmium
Chromium
Copper
Lead
Nickel
Silver
Zinc

4
12
2

11
12
12
10
12
2

12

/12
/12
/12
/12
/12
/12
712
/12
/12
712

5.2
27

0.
0.70
3.3
5.2
5.2
2.6
2.2
8.5

-15.9
-222
.70
-7.8
-386
- 4,700
-796
-38.7
-21
-867

2.5
27

0.25
0.25
3.3
5.2
2.5
2.6

0.50
8.5

-15.9
-222
-0.70
-7.8
-386
- 4,700
-796
-38.7
-21
-867

4.7
110
0.33
2.4
71
450
180
15
2.4
200

6.9
150
0.42
3.6
140

1,100
340
22
5.4
370

0.38
5,300
0.14
38
210 [b]

2,800
400

1,500
380

23,000

YES
no

YES
no

YES
YES
YES
no
no
no
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TABLE 3-6
OCCURRENCE OF CONSTITUENTS DETECTED IN SURFICIAL SOIL SAMPLES AT

PSC FT-07E
PRE-REMEDIATION

Luke Air Force Base, Arizona

Frequency Range of Detects
Constituents Detects / Total Min - Max

Total Range Region IX Maximum
Min - Max Average UCL Residential PRG Exceeds PRG

VOCs
Acetone 7/8
Ethylbenzene 1 /8
Methylene chloride 6/8
Toluene 5/8
Xylenes 1 / 8

TRPH 2/8

0.023-0.104
0.75

0.0040 - 0.035
0.012 - 0.062

3.75

24.3 - 767

0.023-0.104 0.063 0.084 2,100
0.0025 - 0.75 0.096 0.27 230
0.0025 - 0.035 0.014 0.023 7.8
0.0025 - 0.062 0.030 0.047 790
0.0025-3.75 0.47 1.4 320

5.0-767 100 280 110 [a]

Soil concentrations are given in milligrams per kilogram (mg/kg).

[a] n-Hexane is used as a surrogate for comparison to the Region IX PRG.
[b] Total chromium is used as a surrogate for comparison to the Region IX PRG.
[c] Mercuric chloride is used as a surrogate for comparison to the Region IX PRG.
Average Arithmetic average of the total number of samples, using proxy concentrations for non-detects.
PRG Preliminary Remediation Goal.
TRPH Total recoverable petroleum hydrocarbon.
UCL 95 percent upper confidence limit (one-tailed) on the mean, assuming a normal distribution.
VOCs Volatile organic compounds.

no
no
no
no
no

YES

Metals
Chromium
Copper
Lead
Mercury
Nickel
Zinc

8
8
8
1
8
8

/ 8
/ 8
/ 8
/8
/ 8
/ 8

7.4
17

2.1

-21
-23
-18

.2

.2

.7
0.12

11.4
35.5

-20
-46

.8

.4

7.4
17

2.1
0.05
11.4
35.5

-21.2
-23.2
-18.7
-0.12
-20.8
-46.4

15
20
9.9

0.059
17
42

17
21
13

0.075
18
45

210 [b]
2,800
400
23 [c]

1,500
23,000

no
no
no
no
no
no
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TABLE 3-7
OCCURRENCE OF CONSTITUENTS DETECTED IN SURFICIAL SOIL SAMPLES AT

PSC FT-07E
POST-REMEDIATION

Luke Air Force Base, Arizona

Constituents
Frequency

Detects / Total
Range of Detects

Min - Max
Total Range

Min - Max Average UCL
Region IX

Residential PRG
Maximum

Exceeds PRG?

TRPH 6 / 6 160 - 2,000 160-2,000 920 1,600 110 [a] YES

Metals
Arsenic
Barium
Chromium
Copper
Lead
Nickel
Zinc

4
6 ,
6 ,
6.
6 ,
6 ,
6 ,

'6
tG
16
'6
(6
IQ
16

6.0
86.8
9.4

15.5
8.0

10.9
31.1

-9.0
-154
-32.1
-21.1
-73
-21
-112

2.5
86.8

9.4
15.5
8.0

10.9
31.1

-9.0
-154
-32.1
-27.7
-73
-21
-112

5.7
130
21
21
21
17
58

7.9
150
28
25
42
20
85

0.38
5,300
210 [b]

2,800
400

1,500
23,000

YES
no
no
no
no
no
no

Soil concentrations are given in milligrams per kilogram (mg/kg).

[a] n-Hexane is used as a surrogate for comparison to the Region IX PRG.
[b] Total chromium is used as a surrogate for comparison to the Region IX PRG.
Average Arithmetic average of the total number of samples, using proxy concentrations for non-detects.
PRG Preliminary Remediation Goal.
TRPH Total recoverable petroleum hydrocarbon.
UCL 95 percent upper confidence limit (one-tailed) on the mean, assuming a normal distribution.
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TABLE 3-8
OCCURRENCE OF CONSTITUENTS DETECTED IN SURFACE AND SUBSURFACE SOIL SAMPLES AT

PSC FT-07E
PRE-REMEDIATION

Luke Air Force Base, Arizona

Constituents
Frequency Range of Detects Total Range Region IX Maximum

Detects / Total Min - Max Min - Max Average UCL Residential PRG Exceeds PRG?

VOCs
Acetone
Ethylbenzene
Methylene chloride
Toluene
Xylenes

TRPH

24/32
7 / 3 2

20/32
25/32

8 / 3 2

7 / 3 2

0.010-0.28
0.75 - 61

0.0040 - 0.090
0.0050 - 97

0.48 - 274

20.1 -1,380

0.010-0.28 0.13 0.17 2,100 no
0.0025 - 61 3.7 7.2 230 no
0.0025 - 0.090 0.033 0.044 7.8 no
0.0025 - 97 3.8 9.0 790 no
0.0025-274 16 31 320 no

5.0-1,380 100 190 110 [a YES

Metals
Arsenic
Chromium
Copper
Lead
Mercury
Nickel
Zinc

3 / 3 2
32/32
32/32
32/32
10/32
32/32
32/32

2.1 -2.4
3.0 - 53.3
6.5 - 26.7
2.1 -18.7

0.10-0.31
4.6 - 23.6

10.5-51

1.0-2.4
3.0 - 53.3
6.5 - 26.7
2.1 -18.7

0.050 - 0.31
4.6 - 23.6

10.5-51

1.1
13
16
7.5

0.078
13
31

1.2
16
17
8.5

0.095
14
34

0.38
210 [b

2,800
400
23 [c]

1,500
23,000

YES
no
no
no
no
no
no

Soil concentrations are given in milligrams per kilogram (mg/kg).

[a] n-Hexane is used as a surrogate for comparison to the Region IX PRG.
[b] Total chromium is used as a surrogate for comparison to the Region IX PRG.
[c] Mercuric chloride is used as a surrogate for comparison to the Region IX PRG.
Average Arithmetic average of the total number of samples, using proxy concentrations for non-detects.
PRG Preliminary Remediation Goal.
TRPH Total recoverable petroleum hydrocarbon.
UCL 95 percent upper confidence limit (one-tailed) on the mean, assuming a normal distribution.
VOCs Volatile organic compounds.
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TABLE 3-9
OCCURRENCE OF CONSTITUENTS DETECTED IN SURFACE AND SUBSURFACE SOIL SAMPLES AT

PSC FT-07
POST-REMEDIATION

Luke Air Force Base, Arizona

Frequency
Constituents

VOCs
Acetone
Ethylbenzene
Toluene
Xylenes

Detects

1 ,
1 ,
1 ,
1 ,

1 Total

14
14
14
14

Range of Detects
Min

0.470
0.98

0.086
8.6

-Max

-0.47
-1.0
- 0.086
-8.6

Total
Min

0.265
0.13

0.086
0.13

Range
-Max

-0.47
-1.0
- 0.086
-8.6

Average

0.33
0.34
0.086
2.2

Region IX
UCL Residential PRG

0.44
0.84
0.086
7.2

2,100
230
790
320

Maximum
Exceeds PRG?

no
no
no
no

TRPH 10/14 10.0-27,000 5.0 - 27,000 3,900 7,500 110 [a] YES

Metals
Arsenic
Barium
Chromium
Copper
Lead
Nickel
Zinc

Si
14 i
14 i
14 /
12 i
^4l
14;

M4
M4
M4
M4
M4
M4
M4

6.0
68.5

5.6
8.1
6.0
4.7

13.8

-9.0
-209
-32.1
-27.7
-73
-21
-112

2.5
68.5

5.6
8.1
2.5
4.7

13.8

-9.0
-209
-32.1
-27.7
-73
-21
-112

4.1
140
17
18
13
14
41

5.2
160
21
20
22
17
54

0.38
5,300
210 [b]

2,800
400

1,500
23,000

YES
no
no
no
no
no
no

Soil concentrations are given in milligrams per kilogram (mg/kg).

[a] n-Hexane is used as a surrogate for comparison to the Region IX PRG.
[b] Total chromium is used as a surrogate for comparison to the Region IX PRG.
Average Arithmetic average of the total number of samples, using proxy concentrations for non-detects.
PRG Preliminary Remediation Goal.
TRPH Total recoverable petroleum hydrocarbon.
UCL 95 percent upper confidence limit (one-tailed) on the mean, assuming a normal distribution.
VOCs Volatile organic compounds.
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TABLE 3-10
OCCURRENCE OF CONSTITUENTS DETECTED IN GROUNDWATER SAMPLES AT

PSC FT-07E
Luke Air Force Base, Arizona

Frequency
Constituents

Metals
Barium
Chromium
Copper
Lead
Zinc

Detects >

10;
10 i
6 ,

10 i
11 i

' Total

'11
M1
'11
M1
'11

Range of Detects
Min

0.044
0.011
0.010

0.0020
0.284

-Max

-0.32
- 0.024
- 0.032
- 0.0080
-1.07

Total
Min

0.044
0.0050
0.0050
0.0010

0.284

Range
-Max

-0.32
- 0.024
- 0.032
- 0.0080
-1.07

Average

0.18
0.016
0.013
0.0039

0.60

UCL

0.22
0.019
0.018
0.0051

0.74

Region IX Maximum
Tap Water Exceeds PRG?

PRG

2.6
0.18 [a]
1.4

0.004
11

no
no
no

YES
no

Groundwater concentrations are given in milligrams per liter (mg/L).

[a]
Average
PRG
UCL

Chromium VI is used as a surrogate for comparison to the Region IX PRG.
Arithmetic average of the total number of samples, using proxy concentrations for non-detects.
Preliminary remedial goals.
95 percent upper confidence limit (one-tailed) on the mean, assuming a normal distribution.
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TABLE 3-11
OCCURRENCE OF CONSTITUENTS DETECTED IN SURFICIAL SOIL SAMPLES AT

PSCSS-11
Luke Air Force Base, Arizona

Frequency Range of Detects Total Range Region IX Maximum
Constituents Detects / Total Min - Max Min - Max Average UCL Residential PRG Exceeds PRG?

PCBs 3 / 84 0.060 - 0.22 0.0125 - 0.22 0.026 0.033 0.066 YES

Soil concentrations are given in milligrams per kilogram (mg/kg).

Average Arithmetic average of the total number of samples, using proxy concentrations for non-detects.
PCBs Polychlorinated biphenyls.
PRG Preliminary Remediation Goal.
UCL 95 percent upper confidence limit (one-tailed) on the mean, assuming a normal distribution.
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TABLE 3-12
OCCURRENCE OF CONSTITUENTS DETECTED IN SURFICIAL SOIL SAMPLES AT

PSC OT-12
Luke Air Force Base, Arizona

Constituents

BNAs
Acenaphthylene
Anthracene
Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b)fluoranthene
Benzo(g,h,i)perylene
Benzo(k)fluoranthene
Carbazole
Chrysene
Dibenz(a,h)anthracene
Fluoranthene
lndeno(1 ,2,3-c,d)pyrene
Pentachlorophenol
Phenanthrene
Pyrene

TRPH

Metals
Arsenic
Barium
Beryllium
Cadmium
Chromium

Frequency
Detects / Total

1 13
1 13
1 13
1 13
2 / 3
1 13
213
1 13
213
1 /3
2 / 3
1 13
1 13
213
2 13

4 / 7

3 / 7
7 / 7
3 / 7
3 / 7
7 / 7

Range of Detects
Min - Max

0.046
0.083
0.66
0.87

0.036 - 0.97
0.48

0.042 - 0.69
0.13

0.048-1.1
0.20

0.085-1.1
0.47
0.045

0.037 - 0.43
0.061 -1.4

30 - 1 ,400

5.0 - 9.0
90.1 - 148
0.40 - 0.60
0.30 - 0.90
11.6-33

Total
Min

0.046
0.083
0.17
0.17

0.036
0.17

0.042
0.13

0.048
0.17

0.085
0.17

0.045
0.037
0.061

5.0

2.5
90.1
0.15
0.15
11.6

Range
-Max

- 0.046
- 0.083
-0.66
-0.87
-0.97
-0.48
-0.69
-0.13
-1.1
-0.20
-1.1
-0.47
- 0.045
-0.43
-1.4

-1,400

-9.0
-148
-0.60
-0.90
-33

Average

0.046
0.083
0.33
0.40
0.39
0.27
0.30
0.13
0.44
0.18
0.45
0.27
0.045
0.21
0.54

430

4.4
120
0.33
0.40
18

UCL

0.046
0.083
0.81
1.1
1.2

0.58
0.88
0.13
1.4

0.21
1.4

0.56
0.045
0.55
1.8

840

6.4
140
0.46
0.65
23

Region IX
Residential PRG

100
5.7
0.61
0.061
0.61
100
6.1
22
7.2

0.061
2,600
0.61
2.5
100
100

110

0.38
5,300
0.14
38

210

Maximum
Exceeds PRG?

[a] no
no

YES
YES
YES

[a] no
no
no
no

YES
no
no
no

[a] no
no

[b] YES

YES
no

YES
no

[c] no
Footnotes appear on Page 2.
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TABLE 3-12
OCCURRENCE OF CONSTITUENTS DETECTED IN SURFICIAL SOIL SAMPLES AT

PSC OT-12
Luke Air Force Base, Arizona

Frequency
Constituents

Copper
Lead
Nickel
Zinc

Detects

7
7
7
7

/ Total

17
17
17
11

Range of Detects
Min

15.7
9.0

11.8
35.3

-Max

-29.7
-330
-17.1
-76.3

Total
Min

15.7
9.0

11.8
35.3

Range
-Max

-29.7
-330
-17.1
-76.3

Average

22
72
14
46

UCL

25
160
15
56

Region IX
Residential PRG

2,800
400

1,500
23,000

Maximum
Exceeds

no
no
no
no

PRG?

Soil concentrations are given in milligrams per kilogram (mg/kg).

[a] Pyrene is used as a surrogate for comparison to the Region IX PRG.
[b] n-Hexane is used as a surrogate for comparison to the Region IX PRG.
[c] Total chromium is used as a surrogate for comparison to the Region IX PRG.
Average Arithmetic average of the total number of samples, using proxy concentrations for non-detects.
BNAs Base-neutral and acid extractable compounds.
PRG Preliminary Remediation Goal.
TRPH Total recoverable petroleum hydrocarbon.
UCL 95 percent upper confidence limit (one-tailed) on the mean, assuming a normal distribution.
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TABLE 3-13
OCCURRENCE OF CONSTITUENTS DETECTED IN SURFACE AND SUBSURFACE SOIL SAMPLES AT

PSC OT-12
Luke Air Force Base, Arizona

Page 1 of 2

Frequency
Constituents Detects / Total

BNAs
Acenaphthylene
Anthracene
Benzo(a )anth racene
Benzo(a)pyrene
Benzo(b)fluoranthene
Benzo(g,h,i)perylene
Benzo(k)fluoranthene
Carbazole
Chrysene
Dibenz(a,h)anthracene
Fluoranthene
lndeno(1,2,3-c,d)pyrene
Pentachlorophenol
Phenanthrene
Pyrene

TRPH

Metals
Arsenic
Barium
Beryllium
Cadmium
Chromium
Copper
Lead
Nickel
Zinc

Cyanide

1 /6
1 /6
1 16
1 /6
2 / 6
1 /6
2 / 6
1 /6
2 / 6
1 /6
2 / 6
1 /6
1 /6
2 / 6
2 / 6

15/24

6 / 2 4
24/24
7 /24
5 / 2 4

24/24
24/24
23/24
24/24
24/24

1 /24

Range of Detects
Min - Max

0.046
0.083
0.66
0.87

0.036 - 0.97
0.48

0.042 - 0.69
0.13

0.048 - 1.1
0.20

0.085-1.1
0.47
0.045

0.037 - 0.43
0.061 - 1.4

20 - 1,400

5.0-11
90.1 -276
0.40 - 0.70
0.30-1.0
9.9 - 33

11.1 -29.7
8.0 - 330
8.8-17.1

24.9 - 76.3

2.0

Total
Min

0.046
0.083
0.17
0.17

0.036
0.17

0.042
0.13

0.048
0.17

0.085
0.17

0.045
0.037
0.061

5.0

2.5
90.1
0.15
0.15

9.9
11.1
2.5
8.8

24.9

0.25

Range
-Max

- 0.046
- 0.083
-0.66
-0.87
-0.97
-0.48
-0.69
-0.13
-1.1
-0.20
-1.1
-0.47
- 0.045
-0.43
-1.4

-1,400

-11
-276
-0.70
-1.0
-33
-29.7
-330
-17.1
-76.3

-2.0

Average

0.046
0.083
0.26
0.29
0.28
0.23
0.24
0.13
0.31
0.18
0.31
0.22
0.045
0.19
0.36

170

4.0
140
0.31
0.31
16
19
38
14
42

0.32

Region IX Maximum
UCL Residential PRGs Exceeds PRO?

0.046
0.083
0.42
0.52
0.56
0.33
0.43
0.13
0.63
0.19
0.63
0.32

0.045
0.30
0.78

290

4.9
160
0.37
0.40
18
20
64
15
46

0.45

100
5.7
0.61
0.061
0.61
100
6.1
22
7.2

0.061
2,600
0.61
2.5
100
100

110

0.38
5,300
0.14
38
210

2,800
400

1,500
23,000

1,300

[a no
no

YES
YES
YES

[a no
no
no
no

YES
no
no
no

[a no
no

[b YES

YES
no

YES
no

[c] no
no
no
no
no

no

Footnotes appear on Page 2.
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Page 2 of 2
TABLE 3-13

OCCURRENCE OF CONSTITUENTS DETECTED IN SURFACE AND SUBSURFACE SOIL SAMPLES AT
PSC OT-12

Luke Air Force Base, Arizona

Soil concentrations are given in milligrams per kilogram (mg/kg).

[a] Pyrene is used as a surrogate for comparison to the Region IX PRG.
[b] n-Hexane is used as a surrogate for comparison to the Region IX PRG.
[c] Total chromium is used as a surrogate for comparison to the Region IX PRG.
Average Arithmetic average of the total number of samples, using proxy concentrations for non-detects.
PRG Preliminary remediation goal.
TRPH Total recoverable petroleum hydrocarbon.
UCL 95 percent upper confidence limit (one-tailed) on the mean, assuming a normal distribution.
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TABLE 3-14
OCCURRENCE OF CONSTITUENTS DETECTED IN SURFICIAL SOIL SAMPLES AT

PSC DP-13
Luke Air Force Base, Arizona

Constituents
Frequency

Detects / Total
Range of Detects

Min - Max
Total Range

Min - Max Average UCL
Region IX

Residential PRG
Maximum

Exceeds PRG?

TRPH 13 120 10-2,200 5.0 - 2,200 300 530 110 [a] YES

Metals
Arsenic
Barium
Beryllium
Cadmium
Chromium
Copper
Lead
Mercury
Nickel
Zinc

5 ,
20
7 ,
1 ,

20,
20,
20,

1 ,
20 ,
20,

120
(20
120
120
120
120
120
120
120
/20

9.0
98.1
0.50

-17
-484
-0.80

0.40
9.3

14.5
8.0

0
12

27.5

-29.7
-25
-139
.10
-20.8
-64.8

2.5
98.1
0.15
0.15

9.3
14.5
8.0

0.050
12

27.5

-17
-484
-0.80
-0.40
-29.7
-25
-139
-0.10
-20.8
-64.8

4.7
170
0.38
0.21
17
19
21

0.095
16
42

6.3
200
0.47
0.24
19
21
32

0.10
17
47

0.38
5,300
0.14
38
210 [b]

2,800
400
23 [c]

1,500
23,000

YES
no

YES
no
no
no
no
no
no
no

Soil concentrations are given in milligrams per kilogram (mg/kg).

[a] n-Hexane is used as a surrogate for comparison to the Region IX PRG.
[b] Total chromium is used as a surrogate for comparison to the Region IX PRG.
[c] Mercuric chloride is used as a surrogate for comparison to the Region IX PRG.
Average Arithmetic average of the total number of samples, using proxy concentrations for non-detects.
PRG Preliminary Remediation Goal.
TRPH Total recoverable petroleum hydrocarbon.
UCL 95 percent upper confidence limit (one-tailed) on the mean, assuming a normal distribution.
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TABLE 3-15
OCCURRENCE OF CONSTITUENTS DETECTED IN SURFACE AND SUBSURFACE SOIL SAMPLES AT

PSC DP-13
Luke Air Force Base, Arizona

Page 1 of 2

Frequency
Constituents Detects / Total

BNAs
Acenaphthene
Anthracene
Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b)fluoranthene
Benzo(g,h,i)perylene
Benzo(k)fluoranthene
Bis(2-Ethylhexyl)phthalate
Carbazole
Chrysene
Dibenz(a,h)anthracene
Dibenzofuran
Fluoranthene
Fluorene
lndeno(1 ,2,3-c,d)pyrene
Phenanthrene
Pyrene

TRPH

Metals
Antimony
Arsenic
Barium
Beryllium

1 /12
2 / 1 2
3 /12
3 /12
3/12
2 /12
2/12
1 /12
2 / 7
3/12
2 /12
1 /12
3/12
1 /12
2/12
2 / 1 2
3/12

33 /53

1 /53
11 /53
53/53
15/53

Range of Detects
Min - Max

0.13
0.055-0.19
0.085 - 0.64
0.085 - 0.56

0.38 - 0.63
0.16 - 0.22
0.42 - 0.63

0.036
0.051 - 0.25
0.085 - 0.67
0.076-0.11

0.040
0.085-1.8

0.078
0.18-0.25
0.33 - 0.96

0.085-1.5

10-12.000

7.0
5.0-19
34-484

0.40 - 0.80

Total Range
Min - Max

0.085-0.13
0.055-0.19
0.085 - 0.64
0.085 - 0.56
0.085 - 0.63
0.085 - 0.22
0.085 - 0.63
0.031 - 0.036
0.051 - 0.25
0.085 - 0.67
0.076-0.11
0.040 - 0.040
0.085 -1.8
0.078 - 0.078
0.085 - 0.25
0.085 - 0.96
0.085-1.5

5.0 - 12.000

0.25 - 7.0
0.25 - 19

34-484
0.15-0.80

Average

0.12
0.14
0.24
0.23
0.27
0.15
0.24
0.035
0.14
0.24
0.099
0.040
0.36
0.078
0.16
0.26
0.34

410

1.8
4.2
140

0.35

UCL

0.13
0.17
0.33
0.32
0.36
0.18
0.34
0.036
0.19
0.35
0.11
0.040
0.62
0.078
0.20
0.40
0.55

790

2.1
5.1
160

0.39

Region IX Maximum
Residential PRG Exceeds PRG?

110
5.7

0.61
0.061
0.61
100 [a
6.1
32
22
7.2

0.061
140

2,600
90

0.61
100 [a
100

110 [b

31
0.38
5,300
0.14

no
no

YES
YES
YES
no
no
no
no
no

YES
no
no
no
no
no
no

YES

no
YES
no

YES

Footnotes appear on page 2.
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Page 2 of 2
TABLE 3-15

OCCURRENCE OF CONSTITUENTS DETECTED IN SURFACE AND SUBSURFACE SOIL SAMPLES AT
PSC DP-13

Luke Air Force Base, Arizona

Constituents
Frequency Range of Detects Total Range

Detects / Total Min - Max Min - Max Average UCL
Region IX Maximum

Residential PRG Exceeds PRG?

Metals (continued)
Cadmium
Chromium
Copper
Lead
Mercury
Nickel
Zinc

Cyanide

3 / 53 0.40 - 28.6 0.15 - 28.6 0.79
53 / 53 2.9 - 15,900 2.9 - 15,900 310
53/53 6.1-3,900 6.1-3,900 120
51 / 53 6.0 - 36,000 2.5 - 36,000 700
1/53 0.10 0.05-0.10 0.091

53/53 4.0-22 4.0-22 14
53/53 11.4-183 11.4-183 44

1 / 50 2.0 0.25 - 2.0 0.29

1.7
820
250

1,800
0.095

15
50

0.34

38 no
210 [c] YES

2,800 YES
400 YES
23 [d no

1,500 no
23,000 no

1,300 no

Soil concentrations are given in milligrams per kilogram (mg/kg).

[a]
[b]
[c]
M
Average
BNAs
PRG
TRPH
UCL

Pyrene is used as a surrogate for comparison to the Region IX PRG.
n-Hexane is used as a surrogate for comparison to the Region IX PRG.
Total chromium is used as a surrogate for comparison to the Region IX PRG.
Mercuric chloride is used as a surrogate for comparison to the Region IX PRG.
Arithmetic average of the total number of samples, using proxy concentrations for non-detects.
Base-neutral and acid extractable compounds.
Preliminary Remediation Goal.
Total recoverable petroleum hydrocarbon.
95 percent upper confidence limit (one-tailed) on the mean, assuming a normal distribution.
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TABLE 3-16

OCCURRENCE OF CONSTITUENTS DETECTED IN SURFICIAL SOIL SAMPLES AT
PSC LF-14

Luke Air Force Base, Arizona

Frequency
Constituents

BNAs
Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b)fluoranthene
Benzo(g,h,i)perylene
Benzo(k)fluoranthene
Butylbenzylphthalate
Chrysene
Fluoranthene
lndeno(1,2,3-c,d)pyrene
Phenanthrene
Pyrene

PCBs

TRPH

Metals
Arsenic
Barium
Beryllium
Cadmium
Chromium
Copper
Lead

Detects ,

2,
2i
3 ,
1 ,
2 ,
1 ,
3 ,
3 ,
2 ,
1 ,
2 ,

16 ,

6 ,

4 ,
13 ,
5 ,

11 ,
13 ,
13,
13 ,

1 Total

M2
M2
M2
M2
M2
M2
M2
M2
M2
M2
M2

/34

f 8

M3
M3
M3
M3
M3
M3
M3

Range of Detects
Min

0.085
0.042
0.042

-Max

-0.20
-0.30
-0.50

0.20
0.048

0
0.039
0.045
0.085

0
0.040

0.030

30

5.4
67.4
0.50
0.50
10.7
12.2
7.5

- 0.085
.19
-0.20
-0.27
-0.30
.19
-0.21

-37

- 2,400

-14
-331
-1.5
-2.6
-376
-35.8
-88

Total

0
0
0
0
0
0
0

Min

.085

.042

.042

.085

.048

.085

.039
0.045
0
0
0

.085

.085

.040

0.0125

5.0

2.5
67.4
0.15
0.15
10.7
12.2
7.5

Range
-Max

-0.20
-0.30
-0.50
-0.20
- 0.085
-0.19
-0.20
-0.27
-0.30
-0.19
-0.21

-37

- 2,400

-14
-331
-1.5
-2.6
-376
-35.8
-88

Average

0.13
0.12
0.17
0.13

0.082
0.13
0.12
0.13
0.15
0.13
0.12

1.7

540

4.1
130
0.44
1.3
51
22
46

UCL

0.16
0.15
0.24
0.16

0.087
0.15
0.15
0.17
0.20
0.15
0.15

3.6

1,100

5.8
170
0.62
1.7
100
25
61

Region IX
Residential PRG

0.61
0.061
0.61
100 [a]
6.1
930
7.2

2,600
0.61
100 [a]
100

0.066

110 [b]

0.38
5,300
0.14
38

210 [c]
2,800
400

Maximum
Exceeds PRG?

no
YES
no
no
no
no
no
no
no
no
no

YES

YES

YES
no

YES
no

YES
no
no

Footnotes appear on page 2.
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TABLE 3-16

OCCURRENCE OF CONSTITUENTS DETECTED IN SURFICIAL SOIL SAMPLES AT
PSC LF-14

Luke Air Force Base, Arizona

Frequency Range of Detects
Constituents Detects / Total Min - Max

Total Range
Min - Max Average UCL

Region IX
Residential PRO

Maximum
Exceeds PRG?

Metals (continuted)
Nickel
Silver
Zinc

13 /13
4 / 1 3

13 713

1 /13

10.5 -17.8
1.8-4.8

24.2 - 737

2.0

10.5-17.8
0.25 - 4.8
24.2 - 737

0.25-2.0

14
1.2
120

0.38

15
1.8
210

0.62

1,500
380

23,000

1,300

no
no
no

no

Soil concentrations are given in milligrams per kilogram (mg/kg).

[a] Pyrene is used as a surrogate for comparison to the Region IX PRG.
[b] n-Hexane is used as a surrogate for comparison to the Region IX PRG.
[c] Total chromium is used as a surrogate for comparison to the Region IX PRG.
Average Arithmetic average of the total number of samples, using proxy concentrations for non-detects.
BNAs Base-neutral and acid extractable compounds.
PCBs Polychlorinate biphenyls.
PRG Preliminary Remediation Goal.
TRPH Total recoverable petroleum hydrocarbon.
UCL 95 percent upper confidence limit (one-tailed) on the mean, assuming a normal distribution.
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TABLE 3-17
OCCURRENCE OF CONSTITUENTS DETECTED IN SURFACE AND SUBSURFACE SOIL SAMPLES AT

PSC LF-14
Luke Air Force Base, Arizona

Frequency
Constituents

VOC
Xylenes (total)

BNAs
Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b)fluoranthene
Benzo(g,h,i)perylene
Benzo(k)fluoranthene
Butyl benzyl phthalate
Chrysene
Fluoranthene
lndeno(1,2,3-c,d)pyrene
Phenanthrene
Pyrene

PCBs

TRPH

Metals
Arsenic
Barium
Beryllium
Cadmium
Chromium
Copper
Lead
Nickel
Silver
Zinc

Cyanide

Detects

1

3
3
4
2
2
2
4
4
3
1
3

22

8

10
26
11
19
24
26
26
26

5
26

1

/Total

/18

122
122
122
122
122
122
122
122
122
122
122

160

/16

726
726
/26
726
724
726
726
726
726
726

720

Range of Detects
Min - Max

0.24

0.085
0.042
0.042
0.085
0.048
0.190
0.039
0.045
0.085

0
0.040

0.030

20

5.0
67.4
0.50
0.50
10.7
12.2
7.0

10.5
1.0

24.2

-0.20
-0.30
-0.50
-0.20
- 0.085
-23
-0.20
-0.27
-0.30
.19
-0.21

-37

- 2,400

-14.0
-331
-1.5
-5.7
-49.5
-38.8
-88
-19.6
-4.8
-737

2

Total Range
Min

0.025

0
0
0
0
0
0
0
0

.085

.042

.042

.085

.048

.085

.039

.045
0.085
0.085

0.04

0.0125

5.0

2.5
67.4
0.15
0.15
10.7
12.2
7.0

10.5
0.25
24.2

0.25

-Max

-0.24

-0.20
-0.30
-0.50
-0.20
- 0.085
-23
-0.20
-0.27
-0.30
-0.19
-0.21

-37

- 2,400

-14.0
-331
-1.5
-5.7
-49.5
-38.8
-88
-19.6
-4.8
-737

-2

Average

0.043

0.12
0.13
0.16
0.12
0.083

1.2
0.11
0.14
0.14
0.12
0.11

1.0

280

4.4
150
0.43
1.2
18
21
30
14

0.82
80

0.34

UCL

0.07

0.14
0.16
0.21
0.14
0.086
3.0

0.13
0.16
0.17
0.14
0.13

2.1

570

5.4
170
0.53
1.6
21
24
39
15
1.2
130

0.49

Region IX
Residential PRGs

320

0.61
0.061
0.61
100
6.1
930
7.2

2,600
0.61
100
100

0.066

110

0.38
5,300
0.14
38
210

2,800
400

1,500
380

23,000

1,300

Maximum
Exceeds PRG?

no

no
YES
no

[a] no
no
no
no
no
no

[a] no
no

YES

[b] YES

YES
no

YES
no

[c] YES
no
no
no
no
no

no

Footnotes appear on page 2.
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TABLE 3-17

OCCURRENCE OF CONSTITUENTS DETECTED IN SURFACE AND SUBSURFACE SOIL SAMPLES AT
PSC LF-14

Luke Air Force Base, Arizona

Soil concentrations are given in milligrams per kilogram (mg/kg).

[a] Pyrene is used as a surrogate for comparison to the Region IX PRG.
[b] n-Hexane is used as a surrogate for comparison to the Region IX PRG.
[c] Total chromium is used as a surrogate for comparison to the Region IX PRG.
Average Arithmetic average of the total number of samples, using proxy concentrations for non-detects.
BNAs Base-neutral and acid extractable compounds.
PCBs Polychlorinated biphenyls.
PRG Preliminary Remediation Goal.
TRPH Total recoverable petroleum hydrocarbon.
UCL 95 percent upper confidence limit (one-tailed) on the mean, assuming a normal distribution.
VOC Volatile organic compound.
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TABLE 3-18
OCCURRENCE OF CONSTITUENTS DETECTED IN SURFICIAL SOIL SAMPLES AT

PSC SS-17
Luke Air Force Base, Arizona

Frequency Range of Detects Total Range
Constituents Detects / Total Min - Max Min - Max Average

BNAs
Chrysene 1 / 3 0.20 0.20 - 0.20 0.20
Fluoranthene 1 / 3 0.23 0.23 - 0.23 0.23
Pyrene

PCBs

TRPH

Metals
Arsenic
Barium
Beryllium
Cadmium
Chromium
Copper
Lead
Nickel
Silver
Zinc

Cyanide

1 /3 0.18 0.18 -0.18 0.18

6/12 0.05 - 0.30 0.013 - 0.30 0.079

4/6 20 - 7,000 5.0 - 7,000 1 ,600

1/6 6.0 2.5 - 6.0 3.1
6/6 90.2-148 90.2-148 110
1/6 2.3 0.25 - 2.3 0.59
3 / 6 0.70 - 24.6 0.25 - 24.6 4.5
6/6 6.3-28.4 6.3-28.4 15
6/6 14.3-189 14.3-189 48
6/6 9.0-169 9.0-169 45
6/6 11-19 11-19 16
2/6 1.0-2.0 0.50-2.0 0.83
6 16 32.1 -366 32.1 -366 100

1 / 6 0.50 0.25 - 0.50 0.29

Region IX Maximum
UCL Residential PRG Exceeds PRG?

0.20
0.23
0.18

0.13

4,000

4.3
130
1.3
13
21
110
96
18
1.3
210

0.38

7.2
2,600
100

0.066

110 [a]

0.38
5,300
0.14
38

210 [b]
2,800
400

1,500
380

23,000

1,300

no
no
no

YES

YES

YES
no

YES
no
no
no
no
no
no
no

no

Soil concentrations are given in milligrams per kilogram (mg/kg).

[a]
[b]
Average
BNAs
PCBs
PRG
TRPH
UCL

n-Hexane is used as a surrogate for comparison to the Region IX PRG.
Total chromium is used as a surrogate for comparison to the Region IX PRG.
Arithmetic average of the total number of samples, using proxy concentrations
Base-neutral and acid extractable compounds.
Polychlorinated biphenyls.
Preliminary Remediation Goal.
Total recoverable petroleum hydrocarbon.

for non-detects.

95 percent upper confidence limit (one-tailed) on the mean, assuming a normal distribution.
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TABLE 3-19
OCCURRENCE OF CONSTITUENTS DETECTED IN SURFACE AND SUBSURFACE SOIL SAMPLES AT

PSC SS-17
Luke Air Force Base, Arizona

Frequency Range of Detects Total Range
Constituents Detects / Total Min - Max Min - Max

BNAs
Chrysene 1/4 0.20 0.18-0.20
Di-n-octyl phthalate 1/5 0.17 0.17-0.17
Fluoranthene 1/4 0.23 0.175-0.23
Pyrene 1/4 0.18 0.175-0.18

PCBs 6 / 12 0.05-0.30 0.013-0.30

TRPH 13/18 10-7,000 5.0-7,000

Metals
Arsenic 5 / 1 8 6.0-12.4 2.5 - 12.4
Barium 18/18 86.1-230 86.1-230
Beryllium 3 / 1 8 0.60 - 2.6 0.25 - 2.6
Cadmium 7 / 1 8 0.70-24.6 0.25-24.6
Chromium 18/18 6.3 - 28.4 6.3 - 28.4
Copper 18/18 14.3-189 14.3-189
Lead 18/18 7.0-169 7.0-169
Nickel 18/18 9.0-20 9.0-20
Silver 2 /18 1.0-2.0 0.50-2.0
Zinc 18 / 18 31.5 - 366 31.5 - 366

Cyanide 2 / 1 8 0.50 - 2.5 0.25 - 2.5

Soil concentrations are given in milligrams per kilogram (mg/kg).

[a] n-Hexane is used as a surrogate for comparison to the Region IX PRG.
[b] Total chromium is used as a surrogate for comparison to the Region IX

Average

0.19
0.17
0.22
0.18

0.079

640

4.0
140
0.51
2.4
14
35
28
15

0.61
74

0.39

PRG.

Region IX Maximum
UCL Residential PRG Exceeds PRG?

0.21
0.17
0.25
0.18

0.13

1,300

5.1
150
0.81
4.9
16
53
43
16

0.76
110

0.61

7.2
1,300
2,600
100

0.066

110 [a]

0.38
5,300
0.14
38

210 [b]
2,800
400

1,500
380

23,000

1,300

no
no
no
no

YES

YES

YES
no

YES
no
no
no
no
no
no
no

no

Average Arithmetic average of the total number of samples, using proxy concentrations for non-detects.
BNAs Base-neutral and acid extractable compounds.
PCBs Polychlorinated biphenyls.
PRG Preliminary Remediation Goal.
TRPH Total recoverable petroleum hydrocarbon.
UCL 95 percent upper confidence limit (one-tailed) on the mean, assuming a normal distribution.
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TABLE 3-20

OCCURRENCE OF CONSTITUENTS DETECTED IN SURFICIAL SOIL SAMPLES AT
PSC SD-20

Luke Air Force Base, Arizona

Frequency
Constituents Detects / Total

VOC
Toluene

BNAs
Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b)fluoranthene
Benzo(g,h,i)perylene
Bis(2-ethylhexyl)phthalate
Chrysene
Di-n-octylphthalate
Fluoranthene
lndeno(1 ,2,3-c,d)pyrene
Phenanthrene
Pyrene

TRPH

Metals
Antimony
Arsenic
Barium
Beryllium
Cadmium

3 ,

2i
2t
3 ,
1 t
1 j
3 ,
1 i
3 ,
1 j
2 ,
3 ,

28.

1 ,
8 ,

39.
13 ,
35 ,

'22

'27
'27
'27
'27
'27
'27
'27
'27
'27
'27
'27

'41

'39
'39
'39
'39
'39

Range of Detects
Min

0.050

0.24
0.18
0.24

-Max

-0.10

-0.30
-0.30
-0.32

0.22
0

0.15
0

0.19
0

0.20
0.19

10

.54
-0.41
.18
-0.65
.20
-0.32
-0.64

- 3,700

0.60
5.0

43.9
0.50
0.50

-10.9
-501
-0.90
-4.3

Total
Min

0.050

0.17
0.17
0.17
0.17
0.17
0.15

0.085
0.17
0.17
0.17
0.17

5.0

0.25
2.5

43.9
0.15
0.25

Range
-Max

-0.10

-0.30
-0.30
-0.32
-0.22
-0.54
-0.41
-0.18
-0.65
-0.20
-0.32
-0.64

- 3,700

-0.60
-10.9
-501
-0.90
-4.3

Average

0.052

0.20
0.19
0.20
0.18
0.21
0.20
0.10
0.22
0.18
0.20
0.22

320

0.26
3.3
170
0.41
1.5

Region IX Maximum
UCL Residential PRG Exceeds PRG?

0.056

0.21
0.21
0.22
0.19
0.24
0.22
0.11
0.26
0.18
0.22
0.25

530

0.27
3.8
190
0.48
1.8

790

0.61
0.061
0.61
100 [a]
32
7.2

1,300
2,600
0.61
100 [a]
100

110 [b]

31
0.38

5,300
0.14
38

no

no
YES
no
no
no
no
no
no
no
no
no

YES

no
YES
no

YES
no

Footnotes appear on page 2.
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TABLE 3-20

OCCURRENCE OF CONSTITUENTS DETECTED IN SURFICIAL SOIL SAMPLES AT
PSC SD-20

Luke Air Force Base, Arizona

Frequency
Constituents

Metals (continued)
Chromium
Copper
Lead
Nickel
Zinc

Detects -

39;
39,
36,
39,
38,

1 Total

'39
'39
'39
'39
'39

Range of Detects
Min

3.1
6.5
5.8
5.1

11.9

-Max

-81.5
-36.2
-118
-24.9
-157

Total
Min

3.1
6.5
2.5
5.1

11.9

Range
-Max

-81.5
-36.2
-118
-24.9
-157

Average

29
20
21
14
45

Region IX Maximum
UCL Residential PRG Exceeds PRG?

33
23
27
15
53

210 [c]
2,800
400

1,500
23,000

no
no
no
no
no

Soil concentrations are given in milligrams per kilogram (mg/kg).

[a] Pyrene is used as a surrogate for comparison to the Region IX PRG.
[b] n-Hexane is used as a surrogate for comparison to the Region IX PRG.
[c] Total chromium is used as a surrogate for comparison to the Region IX PRG.
Average Arithmetic average of the total number of samples, using proxy concentrations for non-detects.
BNAs Base-neutral and acid extractable compounds.
PRG Preliminary Remediation Goal.
TRPH Total recoverable petroleum hydrocarbon.
UCL 95 percent upper confidence limit (one-tailed) on the mean, assuming a normal distribution.
VOC Volatile organic compound.
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TABLE 3-21

OCCURRENCE OF CONSTITUENTS DETECTED IN SURFACE AND SUBSURFACE SOIL SAMPLES AT
PSC SD-20

Luke Air Force Base, Arizona

Frequency
Constituents Detects / Total

VOC
Toluene

BNAs
Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b)fluoranthene
Benzo(g,h,i)perylene
Bis(2-ethylhexyl)phthalate
Chrysene
Di-n-octylphthalate
Fluoranthene
lndeno(1 ,2,3-c,d)pyrene
Phenanthrene
Pyrene

TRPH

Metals
Antimony
Arsenic
Barium
Beryllium
Cadmium

6 / 3 0

2/35
2 /35
4 /35
1 /35
1 /35
3 / 3 5
1 /35
3 / 3 5
1 /35
2 / 3 5
3 / 3 5

36/63

1 /63
19/63
63/63
13/63
43 /63

Range of Detects
Min - Max

0.050-0.10

0.24 - 0.30
0.18-0.30

0.085 - 0.32
0.22
0.54

0.15-0.41
0.18

0.19-0.65
0.20

0.20 - 0.32
0.19-0.64

10-3,700

0.60
5.0 - 26

38.5 - 532
0.50 - 0.90
0.50 - 4.3

Total Range
Min - Max

0.050-0.10

0.085 - 0.30
0.085 - 0.30
0.085 - 0.32
0.085 - 0.22
0.085 - 0.54
0.085 - 0.41
0.085-0.18
0.085 - 0.65
0.085 - 0.20
0.085 - 0.32
0.085 - 0.64

5.0 - 3,700

0.25 - 0.60
2.5 - 26

38.5 - 532
0.15-0.90
0.15-4.3

Average

0.052

0.17
0.17
0.17
0.16
0.18
0.17
0.10
0.19
0.16
0.17
0.19

210

0.3
4.9
170
0.32
1.2

Region IX Maximum
UCL Residential PRG Exceeds PRG?

0.054

0.19
0.19
0.19
0.17
0.21
0.2

0.11
0.22
0.17
0.19
0.22

360

0.33
5.9
190
0.37
1.4

790

0.61
0.061
0.61
100 [a]
32
7.2

1,300
2,600
0.61
100 [a]
100

110 [b]

31
0.38
5,300
0.14
38

no

no
YES
no
no
no
no
no
no
no
no
no

YES

no
YES
no

YES
no

Footnotes appear on page 2.
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TABLE 3-21

OCCURRENCE OF CONSTITUENTS DETECTED IN SURFACE AND SUBSURFACE SOIL SAMPLES AT
PSC SD-20

Luke Air Force Base, Arizona

Frequency
Constituents

Metals (continued)
Chromium
Copper
Lead
Nickel
Zinc

Detects

63
63
59
63
62

/ Total

763
/63
/63
/63
/63

Range of Detects
Min

3.1
6.3
5.0
4.3

11.2

-Max

-81.5
-36.2
-118
-26.3
-157

Total
Min

3
6

.1

.3
2.5
4

11
.3
.2

Range
-Max

-81.5
-36.2
-118
-26.3
-157

Region IX Maximum
Average

27
18
16
13
40

UCL Residential PRG Exceeds PRG?

30
20
20
14
45

210 [c]
2,800
400

1,500
23,000

no
no
no
no
no

Soil concentrations are given in milligrams per kilogram (mg/kg).

[a] Pyrene is used as a surrogate for comparison to the Region IX PRG.
[b] n-Hexane is used as a surrogate for comparison to the Region IX PRG.
[c] Total chromium is used as a surrogate for comparison to the Region IX PRG.
Average Arithmetic average of the total number of samples, using proxy concentrations for non-detects.
BNAs Base-neutral and acid extractable compounds.
PRG Preliminary Remediation Goal.
TRPH Total recoverable petroleum hydrocarbon.
UCL 95 percent upper confidence limit (one-tailed) on the mean, assuming a normal distribution.
VOC Volatile organic compound.
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TABLE 3-22
OCCURRENCE OF CONSTITUENTS DETECTED IN GROUNDWATER SAMPLES AT

PSC SD-20
Luke Air Force Base, Arizona

Frequency
Constituents

Inorganics
Arsenic
Barium
Boron
Chromium
Copper
Lead
Nickel
Zinc

Detects

26
26

5
26
12
19
2

26

/ Total

726
/26
/16
726
726
726
726
726

Range of Detects
Min

0.0070
0.014

0.19
0.010
0.011

0.0020
0.035
0.022

•Max

- 0.026
-0.47
-0.23
-0.11
-0.17
- 0.048
- 0.071
-1.66

Total
Min

0.0070
0.014

0.0025
0.010

0.0050
0.0010

0.010
0.022

Range
-Max

-0
-0
-0
-0
-0
-0
-0
-1

.026

.47

.23

.11

.17

.048

.071

.66

Average

0.014
0.091
0.10
0.028
0.024
0.0067
0.013
0.33

UCL

0.016
0.13
0.13
0.034
0.037
0.010
0.018
0.44

Region IX Maximum
Tap Water Exceeds PRG?

PRG

0.000045
2.6
3.3

0.18 [a]
1.4

0.004
0.73
11

YES
no
no
no
no

YES
no
no

Groundwater concentrations are given in milligrams per liter (mg/L).

[a] Chromium VI is used as a surrogate for comparison to the Region IX PRG.
Average Arithmetic average of the total number of samples, using proxy concentrations for non-detects.
PRG Preliminary remediation goals.
UCL 95 percent upper confidence limit (one-tailed) on the mean, assuming a normal distribution.
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TABLE 3-23
OCCURRENCE OF CONSTITUENTS DETECTED IN SURFICIAL SOIL SAMPLES AT

PSC SD-21
Luke Air Force Base, Arizona

Frequency
Constituents Detects / Total

BNAs
Anthracene
Benzo(a)anthracene
Benzo(b)fluoranthene
Benzo(k)fluoranthene
Benzo(g,h,i)perylene
Benzo(a)pyrene
Chrysene
Dibenzo(a,h)anthracene
Fluoranthene
lndeno(1,2,3-c,d)pyrene
Phenanthrene
Pyrene

TRPH

Metals
Arsenic
Barium
Beryllium
Cadmium
Chromium
Copper
Lead
Nickel
Silver
Zinc

1 /3
1 /3
1 /3
1 /3
1 /3
1 /3
1 /3
1 /3
1 /3
1 /3
1 /3
1 /3

1 /9

3 / 9
9 /9
1 /9
3 / 9
9 / 9
9 /9
5 / 9
9 / 9
1 /9
9 /9

Range of Detects
Min - Max

0.085
0.48
1.5
1.4

0.42
0.59
0.67

0.085
0.97
0.57
0.40
0.88

10

5.0 - 8.2
49 - 125

0.60
0.70-1.2
5.7-19.4
8.8 -32.7
7.0 -16
8.8-18.8

2.0
18.6 -65.6

Total Range
Min - Max

0.085 - 0.085
0.085 - 0.48
0.085-1.5
0.085-1.4
0.085 - 0.42
0.085 - 0.59
0.085 - 0.67
0.085 - 0.085
0.085 - 0.97
0.085 - 0.57
0.085 - 0.40
0.085-0.88

5.0-10

2.5-8.2
49 - 125

0.15-0.6
0.15-1.2
5.7 - 19.4
8.8-32.7
2.5-16
8.8-18.8

0.25 - 2.0
18.6 -65.6

Average

0.085
0.22
0.56
0.52
0.20
0.25
0.28

0.085
0.38
0.25
0.19
0.35

5.6

3.9
75

0.28
0.48
11
17
6.3
13

0.64
31

Region IX Maximum
UCL Residential PRGs Exceeds PRG?

0.085
0.60
1.9
1.8

0.52
0.74
0.85
0.085
1.2

0.72
0.50
1.1

6.6

5.3
93

0.36
0.72
14
21
9.0
16

0.96
41

5.7
0.61
0.61
6.1
100

0.061
7.2

0.061
2,600
0.61
100
100

110

0.38
5,300
0.14
38
210

2,800
400

1,500
380

23,000

no
no

YES
no

[a] no
YES
no

YES
no
no

[a] no
no

[b] no

YES
no

YES
no

[c] no
no
no
no
no
no

Footnotes appear on page 2.
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TABLE 3-23
OCCURRENCE OF CONSTITUENTS DETECTED IN SURFICIAL SOIL SAMPLES AT

PSC SD-21
Luke Air Force Base, Arizona

Soil concentrations are given in milligrams per kilogram (mg/kg).

[a] Pyrene is used as a surrogate for comparison to Region IX PRO.
[b] n-Hexane is used as a surrogate for comparison to Region IX PRG.
[c] Total chromium is used as a surrogate for comparison to Region IX PRG.
Average Arithmetic average of the total number of samples, using proxy concentrations for non-detects.
BNA Base-neutral acid extractable compounds.
PRG Preliminary Remediation Goal.
TRPH Total recoverable petroleum hydrocarbon.
UCL 95 percent upper confidence limit (one-tailed) on the mean, assuming a normal distribution.
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TABLE 3-24
OCCURRENCE OF CONSTITUENTS DETECTED IN SURFACE AND SUBSURFACE SOIL SAMPLES AT

PSC SD-21
Luke Air Force Base, Arizona

Frequency
Constituents Detects

BNAs
Anthracene
Benzo(a)anthracene
Benzo(b)fluoranthene
Benzo(k)fluoranthene
Benzo(g,h,i)perylene
Benzo(a)pyrene
Chrysene
Dibenzo(a,h)anthracene
Fluoranthene
lndeno(1 ,2,3-c,d)pyrene
Phenanthrene
Pyrene

TRPH

Metals
Arsenic
Barium
Beryllium
Cadmium
Chromium
Copper
Lead
Nickel
Silver
Zinc

1
1
1
1
1
1
1
1
1
1
1
1

1

5
19
1
3

19
19
10
19
1

19

/ Total

76
/6
/6
/6
76
76
/6
/6
16
76
/6
16

l\

/19
/19
719
/19
719
/19
719
719
719
719

Range of Detects Total
Min - Max

0.085
0.48
1
1
.5
.4

0.42
0.59
0.67

0.085
0.97
0.57
0.40
0.88

0
0
0
0
0

Min

.085

.085

.085

.085

.085
0.085
0
0
0
0
0
0

10

5.0 - 8.2
49 - 148

0.60
0.70
5.5
8.8
7.0
8.8

-1.2
-19.4
-32.7
-16
-20

2.0
16.6 -69.5

.085

.085

.085

.085

.085

.085

10

2.5
49

0.15
0.15
5.5
8.8
2.5
8.8

0.25
16.6

Range
-Max

- 0.085
-0.48
-1.5
-1.4
-0.42
-0.59
-0.67
- 0.085
-0.97
-0.57
-0.40
-0.88

-10

-8.2
-148
-0.60
-1.2
-19.4
-32.7
-16
-20
-2.0
-69.5

Average

0.085
0.15
0.32
0.30
0.14
0.17
0.18

0.085
0.23
0.17
0.14
0.22

10

3.6
79

0.26
0.36
11
17
6.0
14

0.57
31

Region IX Maximum
UCL Residential PRGs Exceeds PRO?

0.085
0.28
0.80
0.75
0.25
0.34
0.38

0.085
0.53
0.33
0.24
0.48

#N/A

4.4
92

0.30
0.47
12
19
7.6
16

0.71
38

5.7
0.61
0.61
6.1
100

0.061
7.2

0.061
2,600
0.61
100
100

110

0.38
5,300
0.14
38

210
2,800
400

1,500
380

23,000

no
no

YES
no

[a] no
YES
no

YES
no
no

[a] no
no

[b] no

YES
no

YES
no

[c] no
no
no
no
no
no

Footnotes appear on page 2.
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TABLE 3-24
OCCURRENCE OF CONSTITUENTS DETECTED IN SURFACE AND SUBSURFACE SOIL SAMPLES AT

PSC SD-21
Luke Air Force Base, Arizona

Soil concentrations are given in milligrams per kilogram (mg/kg).

[a] Pyrene is used as a surrogate for comparison to Region IX PRG.
[b] n-Hexane is used as a surrogate for comparison to Region IX PRG.
[c] Total chromium is used as a surrogate for comparison to Region IX PRG.
Average Arithmetic average of the total number of samples, using proxy concentrations for non-detects.
BNA Base-neutral acid extractable compounds.
PRG Preliminary Remediation Goal.
TRPH Total recoverable petroleum hydrocarbon.
UCL 95 percent upper confidence limit (one-tailed) on the mean, assuming a normal distribution.
#N/A Not applicable; UCL cannot be calculated for one data point.
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TABLE 3-25
OCCURRENCE OF CONSTITUENTS DETECTED IN SEDIMENT SAMPLES AT

PSC SD-21
Luke Air Force Base, Arizona

Frequency
Constituents

Metals
Arsenic
Barium
Beryllium
Cadmium
Chromium
Copper
Lead
Nickel
Silver
Zinc

Detects

4
8
1
3
8
8
8
8
5
8

/ Total

/8
/8
/8
/ 8
/ 8
/8
/8
IS
16
/ 8

Range of Detects
Min

6.0
25.4

0
1.0
5.6

10.5
7.0
9.0
3.0

20.8

-Max

-24
-283
.80
-3.0
-60.3
-81.4
-48
-32
-30
-166

Total
Min

2.5
25.4
0.05
0.05

5.6
10.5

7
9

0.5
20.8

Range
-Max

-24
-283
-0.8
-3
-60.3
-81.4
-48
-32
-30
-166

Average

9.2
120
0.44
0.94
25
42
23
20
8.3
79

UCL

15
180
0.65
1.7
37
59
33
25
16

110

Region IX Maximum
Residential PRGs Exceeds PRO?

0.38
5,300
0.14
38

210
2,800
400

1,500
380

23,000

[a]
[a]
[a]
[a]

[a,b]
[a]
[a]
[a]
[a]
[a]

YES
no

YES
no
no
no
no
no
no
no

Sediment concentrations are given in milligrams per kilogram (mg/kg).

[a] Sediment PRG not available; Residential Soil PRG used for comparison purposes.
[b] Total chromium is used as a surrogate for comparison to the Region IX PRG.
Average Arithmetic average of the total number of samples, using proxy concentrations for non-detects.
PRG Preliminary Remediation Goal.
UCL 95 percent upper confidence limit (one-tailed) on the mean, assuming a normal distribution.
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TABLE 3-26
OCCURRENCE OF CONSTITUENTS DETECTED IN SURFACE-WATER SAMPLES AT

PSC SD-21
Luke Air Force Base, Arizona

Frequency
Constituents

Metals
Arsenic
Barium
Chromium
Copper
Lead
Mercury
Nickel
Silver
Zinc

Detects ,

3 ,
3 ,
3 ,
3 ,
3 ,
1 ,
1 ,
1 ,
3 ,

1 Total

13
13
13
13
13
13
13
/ 3
/ 3

Range of Detects
Min - Max

0.013 -0.059
0.015 -0.72
0.012-0.163
0.020 - 0.202

0.0020 - 0.078
0.0010
0.084
0.071

0.030 - 0.47

Total
Min

0.013
0.015
0.012
0.020

0.0020
0.00010

0.010
0.0050
0.030

Range
-Max

- 0.059
-0.72
-0.163
- 0.202
- 0.078
- 0.001
- 0.084
- 0.071
-0.47

Average

0.029
0.27
0.067
0.088
0.031

0.00040
0.035
0.027
0.20

Region IX Maximum
UCL Tap Water PRGs Exceeds PRG?

0.073
0.93
0.21
0.26
0.10

0.0013
0.11

0.091
0.60

0.000045
2.6

0.180
1.40

0.004
0.011
0.730
0.180
11.0

[a]
[a]

[a.b]
[a]
[a]

[a,c]
[a]
[a]
[a]

YES
no
no
no

YES
no
no
no
no

Concentrations are given in milligrams per liter (mg/L).

[a] Surface water PRG not available; Tap Water PRG used for comparison purposes.
[b] Chromium VI is used as a surrogate for comparison to the Region IX PRG.
[c] Mercuric chloride is used as a surrogate for comparison to the Region IX PRG.
Average Arithmetic average of the total number of samples, using proxy concentrations for non-detects.
PRG Preliminary Remediation Goal.
UCL 95 percent upper confidence limit (one-tailed) on the mean, assuming a normal distribution.
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TABLE 3-27
OCCURRENCE OF CONSTITUENTS DETECTED IN GROUNDWATER SAMPLES AT

PSC SD-21
Luke Air Force Base, Arizona

Frequency
Constituents

Inorganics
Arsenic
Barium
Boron
Copper
Lead
Zinc

Detects /

1 /
5 /
1 i
3 t
2i
5 )

' Total

'5
'5
'3
15
'5
'5

Range of Detects

0.

Min

0.
089

-Max

011
-0.117

0.25
0.012

0.0050
0.184

- 0.092
- 0.0070
-0.50

Total
Min

0.0025
0.089
0.050

0.0050
0.0010

0.184

Range
-Max

-0.011
-0.117
-0.25
- 0.092
- 0.007
-0.50

Average

0.0042
0.10
0.12

0.030
0.0030

0.27

UCL

0.0078
0.12
0.31
0.065
0.0057

0.39

Region IX Maximum
Tap Water Exceeds PRG?

PRG

0.000045
2.6
3.3
1.4

0.0040
11

YES
no
no
no

YES
no

Groundwater concentrations are given in milligrams per liter (mg/L).

Average Arithmetic average of the total number of samples, using proxy concentrations for non-detects.
PRG Preliminary remediation goals.
UCL 95 percent upper confidence limit (one-tailed) on the mean, assuming a normal distribution.

G:\LUKE\OU-1 ROD\TABLES\5-04lan.Xls\11/6/98



Page 1 of 1

TABLE 3-28
OCCURRENCE OF CONSTITUENTS DETECTED IN SURFICIAL SOIL SAMPLES AT

PSC LF-25
Luke Air Force Base, Arizona

Constituents
Frequency

Detects / Total
Range of Detects

Min - Max
Total Range

Min - Max Average UCL
Region IX

Residential PRG
Maximum

Exceeds PRG?

TRPH

Metals
Antimony
Arsenic
Barium
Beryllium
Cadmium
Chromium
Copper
Lead
Nickel
Silver
Zinc

Cyanide

12/17

1 /17
2 /17

17/17
8/17
4 / 1 7

17/17
17/17
17/17
17/17
1 /17

17/17

1 /17

20 - 290

368
6.0 -16

99.6 - 163
0.70 - 7.6
0.50 - 0.6
8.6 - 22.1

16.1 - 36.9
10-10,100
11 -21

2.0
31.7-63

1.0

5.0 - 290

0.25 - 368
2.5 - 16

99.6 -163
0.15-7.6
0.15-0.60
8.6 - 22.1

16.1 - 36.9
10-10,100
11 -21

0.25 - 2.0
31.7-63

0.25-1.0

71

24
3.5
140
1.4

0.30
15
22
610
15

0.54
46

0.29

110

61
4.9
140
2.3
0.36
16
24

1,600
17

0.71
50

0.37

110

31
0.38
5,300
0.14
38

210
2,800
400

1.500
380

23,000

1,300

[a]

[b]

YES

YES
YES
no

YES
no
no
no

YES
no
no
no

no

Soil concentrations are given in milligrams per kilogram (mg/kg).

[a] n-Hexane is used as a surrogate for comparison to the Region IX PRG.
[b] Total chromium is used as a surrogate for comparison to the Region IX PRG.
Average Arithmetic average of the total number of samples, using proxy concentrations for non-detects.
PRG Preliminary Remediation Goal.
TRPH Total recoverable petroleum hydrocarbon.
UCL 95 percent upper confidence limit (one-tailed) on the mean, assuming a normal distribution.
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TABLE 3-29
OCCURRENCE OF CONSTITUENTS DETECTED IN SURFACE AND SUBSURFACE SOIL SAMPLES AT

PSC LF-25
Luke Air Force Base, Arizona

Frequency
Constituents Detects / Total

VOC
Xylenes (total)

BNAs
Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b)fluoranthene
Benzo(k)fluoranthene
Chrysene
Fluoranthene
Pyrene

TRPH

Metals
Antimony
Arsenic
Barium
Beryllium
Cadmium
Chromium
Copper
Lead
Nickel
Silver
Zinc

Cyanide

1 12

1 17
1 17
1 17
1 17
1 17
1 17
1 17

15/36

1 736
2/36

36/36
16/36
7/36

36/36
36/36
35/36
36/36
1 /36

36/36

2 /35

Range of Detects
Min - Max

0.14

0.12
0.10
0.21
0.15
0.21
0.20
0.22

10-290

368
6.0 - 16
39 - 179

0.60 - 7.6
0.50 - 0.60
2.8 - 24.8
8.7 - 36.9
6.0 - 10,100
5.0 - 21

2.0
14-63

0.75 - 1

Total
Min

0.135

0.12
0.10
0.19
0.15
0.19
0.19
0.19

0.5

0.25
2.5
39

0.15
0.15
2.8
8.7
2.5
5.0

0.25
14

0.25

Range
-Max

-0.14

-0.12
-0.10
-0.21
-0.15
-0.21
-0.20
-0.22

-290

-368
-16
-179
-7.6
-0.60
-24.8
-36.9
-10,100
-21
-2.0
-63

-1

Average

0.14

0.12
0.10
0.21
0.15
0.21
0.20
0.22

43

12
3.0
130
1.1

0.29
13
19

290
14

0.50
41

0.29

UCL

0.15

0.12
0.10
0.21
0.15
0.21
0.20
0.22

64

29
3.6
140
1.5

0.32
15
21
770
15

0.58
45

0.33

Region IX Maximum
Residential PRO Exceeds PRG?

320

0.61
0.061
0.61
6.1
7.2

2,600
100

110 [a]

31
0.38
5,300
0.14
38
210 [b]

2,800
400

1,500
380

23,000

1,300

no

no
YES
no
no
no
no
no

YES

YES
YES
no

YES
no
no
no

YES
no
no
no

no

Footnotes appear on Page 2.
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TABLE 3-29
OCCURRENCE OF CONSTITUENTS DETECTED IN SURFACE AND SUBSURFACE SOIL SAMPLES AT

PSC LF-25
Luke Air Force Base, Arizona

Soil concentrations are given in milligrams per kilogram (mg/kg).

[a] n-Hexane is used as a surrogate for comparison to the Region IX PRG.
[bj Total chromium is used as a surrogate for comparison to the Region IX PRG.
Average Arithmetic average of the total number of samples, using proxy concentrations for non-detects.
BNA Base-neutral and acid extractable compounds.
PRG Preliminary Remediation Goal.
TRPH Total recoverable petroleum hydrocarbon.
UCL 95 percent upper confidence limit (one-tailed) on the mean, assuming a normal distribution.
VOC Volatile organic compound.
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TABLE 3-30

OCCURRENCE OF CONSTITUENTS DETECTED IN SURFICIAL SOIL SAMPLES AT
PSC SD-26

Luke Air Force Base, Arizona

Frequency
Constituents Detects / Total

VOCs
Ethylbenzene
Toluene
Xylenes (total)

BNAs
2-Methylnaphthalene
Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b)fluoranthene
Benzo(g,h,i)perylene
Benzo(k)fluoranthene
Bis(2-ethylhexyl)phthalate
Chrysene
Di-n-butylphthalate
Fluoranthene
lndeno(1 ,2,3-cd)pyrene
Naphthalene
Phenanthrene
Pyrene

TRPH

Metals
Arsenic
Barium
Beryllium

2 / 4 5
1 /45
2 / 4 5

1 /48
2/48
2 / 4 8
4 /48
1 /48
1 /48
2/48
2 / 4 8
1 /48
3 /48
1 /48
1 /48
2 / 4 8
4 / 4 8

17/49

13 /47
47/47
11 /47

Range of Detects
Min - Max

0.25 - 4.0
3.0

1.0-18

6.5
0.085 - 0.097
0.085-0.11
0.042-0.18

0.066
0.086

0.40-1.7
0.085-0.14

7.3
0.085 - 0.23

0.053
1.7

0.059 - 0.085
0.047 - 0.23

10-19,000

5.0-15
86.5 - 742
0.40 - 0.80

Total Range
Min - Max

0.025 - 4.0
0.050 - 3.0
0.025-18

0.085 - 6.5
0.085 - 0.097
0.085-0.11
0.042-0.18
0.066 - 0.066
0.085 - 0.086
0.085 -1.7
0.085-0.14
0.085 - 7.3
0.085 - 0.23
0.053 - 0.053
0.085-1.7
0.059 - 0.085
0.047 - 0.23

5.0 -19,000

2.5-15
86.5 - 742
0.25 - 0.80

Average

0.12
0.12
0.45

0.23
0.086
0.087
0.089
0.066
0.085
0.13
0.088
0.24

0.095
0.053
0.13
0.084
0.092

460

4.1
190
0.34

Region IX Maximum
UCL Residential PRG Exceeds PRG?

0.27
0.23
1.1

0.45
0.086
0.088
0.094
0.066
0.085
0.19
0.092
0.49
0.10

0.053
0.18
0.085
0.10

1,100

4.9
220
0.38

230
790
320

240 [a]
0.61

0.061
0.61
100 [b]
6.1
32
7.2

6,500
2,600
0.61
240
100 [b]
100

110 [c]

0.38
5,300
0.14

no
no
no

no
no

YES
no
no
no
no
no
no
no
no
no
no
no

YES

YES
no

YES

Footnotes appear on page 2.
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TABLE 3-30

OCCURRENCE OF CONSTITUENTS DETECTED IN SURFICIAL SOIL SAMPLES AT
PSC SD-26

Luke Air Force Base, Arizona

Constituents
Frequency

Detects / Total
Range of Detects

Min - Max
Total Range
Min - Max Average UCL

Region IX Maximum
Residential PRG Exceeds PRG?

Metals (continued)
Cadmium
Chromium
Copper
Lead
Nickel
Silver
Zinc

25,
47,
47,
46,
47 ,

1 ,
47,

147
141
147
147
147
147
147

0.60
10.6
11.5
5.2
8.6

1
23.9

-3.7
-35
-30.7
-20
-21
.3
-199

0.15
10.6
11.5
2.5
8.6

0.25
23.9

-3.7
-35
-30.7
-20
-21
-1.3
-199

0.86
18
21
11
15

0.51
50

1.1
19
22
12
16

0.54
57

38
210 [d]

2,800
400

1,500
380

23,000

no
no
no
no
no
no
no

Soil concentrations are given in milligrams per kilogram (mg/kg).

[a] Naphthalene is used as a surrogate for comparison to the Region IX PRG.
[b] Pyrene is used as a surrogate for comparison to the Region IX PRG.
[c] n-Hexane is used as a surrogate for comparison to the Region IX PRG.
[d] Total chromium is used as a surrogate for comparison to the Region IX PRG.
Average Arithmetic average of the total number of samples, using proxy concentrations for non-detects.
BNAs Base-neutral and acid extractable compounds.
PRG Preliminary Remediation Goal.
TRPH Total recoverable petroleum hydrocarbon.
UCL 95 percent upper confidence limit (one-tailed) on the mean, assuming a normal distribution.
VOCs Volatile organic compounds.
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TABLE 3-31

OCCURRENCE OF CONSTITUENTS DETECTED IN SURFACE AND SUBSURFACE SOIL SAMPLES AT
PSC SD-26

Luke Air Force Base, Arizona

Frequency
Constituents Detects / Total

VOCs
Ethylbenzene
Toluene
Xylenes (total)

BNAs
2-Methylnaphthalene
Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b)fluoranthene
Benzo(g,h,i)perylene
Benzo(k)fluoranthene
Bis(2-ethylhexyl)phthalate
Chrysene
Di-n-butylphthalate
Fluoranthene
lndeno(1 ,2,3-cd)pyrene
Naphthalene
Phenanthrene
Pyrene

TRPH

Metals
Arsenic
Barium
Beryllium

3 / 5 3
1 753
3 / 5 3

2 / 5 6
3 / 5 6
3/56
5/56
1 /56
1 /56
2 /56
3 /56
1 /56
4 / 5 6
1 /56
2/56
2 / 5 6
5 / 5 6

26/64

20/62
62/62
11 /62

Range of Detects
Min - Max

0.25 - 4.0
3.0

1.0-18

0.91 - 6.5
0.085 - 0.097
0.085 -0.11
0.042-0.18

0.066
0.086

0.40-1.7
0.085-0.14

7.3
0.085 - 0.23

0.053
0.33-1.7

0.059 - 0.085
0.047 - 0.23

10-19,000

5.0 - 20
55.9 - 742
0.40 - 0.80

Total Range
Min - Max

0.025 - 4.0
0.050 - 3.0
0.025 - 18

0.085 - 6.5
0.085 - 0.097
0.085-0.11
0.042-0.18
0.066 - 0.066
0.085 - 0.086
0.085-1.7
0.085 - 0.14
0.085 - 7.3
0.085 - 0.23
0.053 - 0.053
0.085-1.7
0.059 - 0.085
0.047 - 0.23

5.0 - 19,000

2.5 - 20
55.9 - 742
0.15-0.80

Average

0.13
0.12
0.43

0.22
0.086
0.087
0.092
0.066
0.085
0.13
0.09
0.22
0.097
0.053
0.13
0.085
0.095

370

4.5
190
0.30

Region IX Maximum
UCL Residential PRG Exceeds PRG?

0.26
0.21
1.0

0.42
0.087
0.089
0.098
0.066
0.085
0.18
0.093
0.44
0.11

0.053
0.18
0.085
0.10

870

5.3
210
0.34

230
790
320

240 [a]
0.61

0.061
0.61
100 [b]
6.1
32
7.2

6,500
2,600
0.61
240
100 [b]
100

110 [c]

0.38
5,300
0.14

no
no
no

no
no

YES
no
no
no
no
no
no
no
no
no
no
no

YES

YES
no

YES

Footnotes appear on page 2.
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TABLE 3-31

OCCURRENCE OF CONSTITUENTS DETECTED IN SURFACE AND SUBSURFACE SOIL SAMPLES AT
PSC SD-26

Luke Air Force Base, Arizona

Frequency
Constituents

Metals (continued)
Cadmium
Chromium
Copper
Lead
Nickel
Silver
Zinc

Detects <

31 i
62,
62)
57 ,
62;
3 ;

62;

( Total

'62
'62
'62
'62
'62
'62
'62

Range of Detects
Min

0.60
10.3
5.5
5.2
3.5
1.0

10.6

-Max

-3.7
-41.6
-35.1
-20
-21
-1.4
-199

Total
Min

0.15
10.3
5.5
2.5
3.5

0.25
10.6

Range
-Max

-3.7
-41.6
-35.1
-20
-21
-1.4
-199

Region IX Maximum
Average

0.94
18
20
10
15

0.49
49

UCL Residential PRG Exceeds PRG?

1.1
20
21
11
16

0.53
56

38
210 [d]

2,800
400

1,500
380

23,000

no
no
no
no
no
no
no

Soil concentrations are given in milligrams per kilogram (mg/kg).

[a] Naphthalene is used as a surrogate for comparison to the Region IX PRG.
[b] Pyrene is used as a surrogate for comparison to the Region IX PRG.
[c] n-Hexane is used as a surrogate for comparison to the Region IX PRG.
[d] Total chromium is used as a surrogate for comparison to the Region IX PRG.
Average Arithmetic average of the total number of samples, using proxy concentrations for non-detects.
BNAs Base-neutral and acid extractable compounds.
PRG Preliminary Remediation Goal.
TRPH Total recoverable petroleum hydrocarbon.
UCL 95 percent upper confidence limit (one-tailed) on the mean, assuming a normal distribution.
VOCs Volatile organic compounds.
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TABLE 3-32
OCCURRENCE OF CONSTITUENTS DETECTED IN SURFICIAL SOIL SAMPLES AT

PSC LF-37
Luke Air Force Base, Arizona

Frequency Range of Detects
Constituents Detects / Total Min - Max

Total Range
Min - Max Average UCL

Region IX
Residential PRGs

Maximum
Exceeds PRG?

BNAs
Benzo(a)anthracene 1/5 0.039
Benzo(a)pyrene 2 / 5 0.057 - 0.425
Benzo(b)fluoranthene 2 / 5 0.076 - 0.425
Benzo(g,h,i)perylene 2 / 5 0.037 - 0.425
Benzo<k)fluoranthene 2 / 5 0.07 - 0.425
Bis(2-ethylhexyl)phthalate 1 15 0.425
Butylbenzylpthalate 1/5 1.2
Chrysene 1 15 0.06
Fluoranthene 2 / 5 0.067 - 0.425
Pyrene 2 / 5 0.064 - 0.425

TRPH 1 14 540

0.039
0.057
0.076
0.037
0.070
0.085
0.085
0.060
0.067
0.064

- 0.039
- 0.425
- 0.425
- 0.425
- 0.425
- 0.425
-1.2
-0.06
- 0.425
- 0.425

0.039
0.15
0.15
0.14
0.15
0.17
0.33
0.06
0.15
0.15

0.039
0.30
0.30
0.29
0.30
0.31
0.79
0.06
0.30
0.30

5.0-540 140 450

Soil concentrations are given in milligrams per kilogram (mg/kg).

[a] Pyrene is used as a surrogate for comparison to the Region IX PRG.
[b] n-Hexane is used as a surrogate for comparison to the Region IX PRG.
[c] Total chromium is used as a surrogate for comparison to the Region IX PRG.
Average Arithmetic average of the total number of samples, using proxy concentrations for non-detects.
BNAs Base-neutral acid extractable compounds.
PRG Preliminary Remediation Goal.
TRPH Total recoverable petroleum hydrocarbon.
UCL 95 percent upper confidence limit (one-tailed) on the mean, assuming a normal distribution.

0.61
0.061
0.61
100
6.1
32
930
7.2

2,600
100

110

[a]

[b]

no
YES
no
no
no
no
no
no
no
no

YES

Metals
Arsenic
Barium
Beryllium
Cadmium
Chromium
Copper
Lead
Nickel
Zinc

1
4
2
4
4
4
4
4
4

/4
/ 4
14
14
14
14
14
14
14

9.6
60.8
0.50
0.80
12.5
14.9
8.5
9.4

28.3

-159
-0.60
-1.1
-25.3
-17.9
-109
-13.6
-34.4

2.5
60.8
0.25
0.80
12.5
14.9
8.5
9.4

28.3

-9.6
-159
-0.60
-1.1
-25.3
-17.9
-109
-13.6
-34.4

4.3
120
0.40
0.93
16
16
34
12
32

8.5
160
0.61
1.1
23
18
93
14
35

0.38
5,300
0.14
38
210

2,800
400

1,500
23,000

YES
no

YES
no

[c] no
no
no
no
no
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TABLE 3-33
OCCURRENCE OF CONSTITUENTS DETECTED IN SURFACE AND SUBSURFACE SOIL SAMPLES AT

PSC LF-37
Luke Air Force Base, Arizona

Frequency
Constituents Detects

BNAs
Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b)fluoranthene
Benzo(g,h,i)perylene
Benzo(k)fluoranthene
bis(2-Ethylhexyl)phthalate
Butyl benzyl phthalate
Chrysene
Fluoranthene
Pyrene

TRPH

Metals
Arsenic
Barium
Beryllium
Cadmium
Chromium
Copper
Lead
Nickel
Silver
Zinc

2
3
3
3
3
1
1
2
3
3

3

7
12
8

12
12
12
12
12
1

12

/ Total

714
714
/14
/14
/14
/14
/14
714
/14
/14

/12

/12
/12
/12
/12
/12
/12
712
712
/12
/12

Range of Detects
Min-

0.039 -
0.053 -
0.066 -
0.037 -
0.057 -

Max

0.054
0.425
0.425
0.425
0.425

0.425
1.2

0.06 -
0.067 -
0.054 -

15-

5.0-
60.8-
0.50-
0.80-
12.5-
14.9-
7.1 -
9.4-

0.062
0.425
0.425

540

9.6
334
0.80
29.5
28.2
561
597
58.5

3.4
28.3- 2,270

Total
Min

0.039
0.053
0.066
0.037
0.057
0.085
0.085
0.06

0.067
0.054

5.0

2.5
60.8
0.25
0.80
12.5
14.9
7.1
9.4

0.50
28.3

Range
-Max

-0.054
- 0.425
- 0.425
- 0.425
- 0.425
- 0.425
-1.2
- 0.062
- 0.425
- 0.425

-540

-9.6
-334
-0.80
-29.5
-28.2
-561
-597
-58.5
-3.4
- 2,270

Average

0.053
0.11
0.11
0.10
0.11
0.12
0.18
0.062
0.11
0.11

52

5.4
190
0.51
3.5
18
65
70
18

0.74
230

Region IX Maximum
UCL Residential PRO Exceeds PRO?

0.055
0.15
0.15
0.15
0.15
0.17
0.32

0.062
0.15
0.15

130

6.9
220
0.62
7.8
20
150
160
25
1.2
560

0.61
0.061
0.61
100
6.1
32
930
7.2

2,600
100

110

0.38
5,300
0.14
38
210

2,800
400

1,500
380

23,000

no
YES
no

[a] no
no
no
no
no
no
no

[b] YES

YES
no

YES
no

[c] no
no

YES
no
no
no

Footnotes appear on Page 2.
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TABLE 3-33
OCCURRENCE OF CONSTITUENTS DETECTED IN SURFACE AND SUBSURFACE SOIL SAMPLES AT

PSC LF-37
Luke Air Force Base, Arizona

Soil concentrations are given in milligrams per kilogram (mg/kg).

[a] Pyrene is used as surrogate for comparison to the Region IX PRG.
[b] n-Hexane is used as surrogate for comparison to the Region IX PRG.
[c] Total chromium is used as surrogate for comparison to the Region IX PRG.
Average Arithmetic average of the total number of samples, using proxy concentrations for non-detects.
BNAs Base-neutral acid extractable compounds.
PRG Preliminary Remediation Goals.
TRPH Total recoverable petroleum hydrocarbon.
UCL 95 percent upper confidence limit (one-tailed) on the mean, assuming a normal distribution.
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TABLE 3-34
OCCURRENCE OF CONSTITUENTS DETECTED IN SURFICIAL SOIL SAMPLES AT

PSC SD-38
Luke Air Force Base, Arizona

Frequency
Constituents

TRPH

Metals
Arsenic
Barium
Beryllium
Cadmium
Chromium
Copper
Lead
Nickel
Zinc

Detects /

2;

2,
3 ;
1 ,
1 ,
3 ,
3 ,
3 ,
3 ,
3 ,

' Total

'3

13
13
f3
13
t3
t3
13
13
13

Range of Detects
Min

80

10
173

1
0

13.1
21
9.0
17

39.3

-Max

-90

-11
-188
I.O
.50
-19.3
-29.2
-30
-21
-58.1

Total
Min

5.0

2.5
173

0.15
0.15
13.1

21
9.0
17

39.3

Range
-Max

-90

-11
-188
-1.0
-0.50
-19.3
-29.2
-30
-21
-58.1

Average

58

7.8
180
0.47
0.30
17
25
21
19
48

Region IX Maximum
UCL Residential PRG Exceeds PRG?

140

16
190
1.2

0.60
23
32
39
22
64

110 [a]

0.38
5,300
0.14
38
210 [b]

2,800
400

1,500
23,000

no

YES
no

YES
no
no
no
no
no
no

Soil concentrations are given in milligrams per kilogram (mg/kg).

[a] n-Hexane is used as a surrogate for comparison to the Region IX PRG.
[b] Total chromium is used as a surrogate for comparison to the Region IX PRG.
Average Arithmetic average of the total number of samples, using proxy concentrations for non-detects.
PRG Preliminary Remediation Goal.
TRPH Total recoverable petroleum hydrocarbon.
UCL 95 percent upper confidence limit (one-tailed) on the mean, assuming a normal distribution.
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TABLE 3-35
OCCURRENCE OF CONSTITUENTS DETECTED IN SURFACE AND SUBSURFACE SOIL SAMPLES AT

PSC SD-38
Luke Air Force Base, Arizona

Frequency Range of Detects Total Range
Constituents Detects / Total Min - Max Min - Max

TRPH

Metals
Antimony
Arsenic
Barium
Beryllium
Cadmium
Chromium
Copper
Lead
Nickel
Zinc

8/13 10-58,000 5.0-58,000

1/13 0.80 0.25-0.80
7/13 5.0-14 2.5-14

13/13 93-264 93-264
1/13 1.0 0.15-1.0
4/13 0.5-2.1 0.15-2.1

13/13 12.6-41.5 12.6-41.5
13/13 12.4-36.5 12.4-36.5
13/13 6.0-470 6.0-470
13/13 10-23 10-23
13/13 21.5-321 21.5-321

Region IX
Average

7,700

0.29
5.8
180

0.26
0.45
18
21
54
16
61

Maximum
UCL Residential PRG Exceeds PRG?

16,000

0.37
7.8
200
0.37
0.72
22
25
120
18

100

110 [a]

31
0.38

5,300
0.14
38
210 [b]

2,800
400

1,500
23,000

YES

no
YES
no

YES
no
no
no

YES
no
no

Soil concentrations are given in milligrams per kilogram (mg/kg).

[a]
[b]
Average
PRG
TRPH
UCL

n-Hexane is used as a surrogate for comparison to the Region IX PRG.
Total chromium is used as a surrogate for comparison to the Region IX PRG.
Arithmetic average of the total number of samples, using proxy concentrations
Preliminary Remediation Goal.
Total recoverable petroleum hydrocarbon.

for non-detects.

95 percent upper confidence limit (one-tailed) on the mean, assuming a normal distribution.
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TABLE 3-36
OCCURRENCE OF CONSTITUENTS DETECTED IN GROUNDWATER SAMPLES AT

PSC SD-38
Luke Air Force Base, Arizona

Frequency
Constituents

Metals
Barium
Copper
Lead
Zinc

Detects ,

1 ,
1 ,
1 ,
1 ,

1 Total

M
M
M
M

Range of Detects
Min

0
0
0
0

- Max

.146

.012

.003

.378

Total

0
0

Min

.146

.012
0.003
0.378

Range
-Max

- 0.146
-0.012
- 0.003
- 0.378

Average

0.15
0.012
0.0030

0.38

UCL

NAP
NAP
NAP
NAP

Region IX
Tap Water

PRG

2.6
1.4

0.004
11

Maximum
Exceeds PRG?

no
no
no
no

Groundwater concentrations are given in milligrams per liter (mg/L).

Average Arithmetic average of the total number of samples, using proxy concentrations for non-detects.
NAP Not applicable.
PRG Preliminary remediation goals.
UCL 95 percent upper confidence limit (one-tailed) on the mean, assuming a normal distribution.
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TABLE 3-37
OCCURRENCE OF CONSTITUENTS DETECTED IN SURFICIAL SOIL SAMPLES AT

PSC SD-39
Luke Air Force Base, Arizona

Constituents
Frequency

Detects / Total
Range of Detects

Min - Max
Total Range
Min - Max Average UCL

Region IX
Residential PRG

Maximum
Exceeds PRG?

TRPH 7 / 7 20 - 2,000 20 - 2,000 420 950 110 [a] YES

Metals
Arsenic
Barium
Cadmium
Chromium
Copper
Lead
Nickel
Zinc

6
7 -
4 ,
7 ,
7,
7 ,
7 ,
7 ,

n
17
n
n
n
n
n
n

7.0
93.7
0.60
9.2

14.2
10
11
27

-10
-179
-1.6
-19.9
-40.1
-125
-20
-58.8

2.5
93.7
0.25
9.2

14.2
10
11
27

-10
-179
-1.6
-19.9
-40.1
-125
-20
-58.8

7.4
140
0.64
14
26
48
16
42

9.2
160
1.0
17
32
85
18
49

0.38
5,300

38
210

2,800
400

1,500
23,000

YES
no
no

[b] no
no
no
no
no

Soil concentrations are given in milligrams per kilogram (mg/kg).

[a] n-Hexane is used as a surrogate for comparison to the Region IX PRG.
[b] Total chromium is used as a surrogate for comparison to the Region IX PRG.
Average Arithmetic average of the total number of samples, using proxy concentrations for non-detects.
PRG Preliminary Remediation Goal.
TRPH Total recoverable petroleum hydrocarbon.
UCL 95 percent upper confidence limit (one-tailed) on the mean, assuming a normal distribution.
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TABLE 3-38
OCCURRENCE OF CONSTITUENTS DETECTED IN SURFACE AND SUBSURFACE SOIL SAMPLES AT

PSC SD-39
Luke Air Force Base, Arizona

Frequency Range of Detects
Constituents Detects / Total Min - Max

Total Range
Min - Max Average UCL

Region IX Maximum
Residential PRG Exceeds PRG?

BNA
Diethyl phthalate 1 / 6

TRPH 11 /21

0.042

10-2,000

0.042 - 0.042

5.0 - 2,000

0.042

150

0.042

310

52,000

110 [a]

no

YES

Metals
Arsenic
Barium
Cadmium
Chromium
Copper
Lead
Nickel
Zinc

17 i
21 i
5 ,

21 i
21 /
20 i
21 ,
21 ,

'21
'21
'21
'21
(21
'21
'21
'21

5.0
66.2
0.60
5.6

11.3
7.0
8.0

18.9

-14
-220
-1.6
-22.5
-40.1
-125
-25
-62.8

2.5
66.2
0.25
5.6

11.3
2.5
8.0

18.9

-14
-220
-1.6
-22.5
-40.1
-125
-25
-62.8

8.0
150
0.40
13
21
22
15
39

9.3
170
0.52
15
24
35
17
43

0.38
5,300

38
210 [b]

2,800
400

1,500
23,000

YES
no
no
no
no
no
no
no

Soil concentrations are given in milligrams per kilogram (mg/kg).

[a] n-Hexane is used as a surrogate for comparison to the Region IX PRG.
[b] Total chromium is used as a surrogate for comparison to the Region IX PRG.
Average Arithmetic average of the total number of samples, using proxy concentrations for non-detects.
BNA Base-neutral acid extractable compound.
PRG Preliminary Remediation Goal.
TRPH Total recoverable petroleum hydrocarbon.
UCL 95 percent upper confidence limit (one-tailed) on the mean, assuming a normal distribution.
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TABLE 3-39
OCCURRENCE OF CONSTITUENTS DETECTED IN SURFICIAL SOIL SAMPLES AT

PSC OT-41
Luke Air Force Base, Arizona

Constituents

Metal
Lead

Frequency
Detects / Total

20/20

Range of
Min-

7.0-

Detects
Max

22

Total
Min

7.0

Range
-Max

-22

Region IX
Average UCL Residential PRG

13 15 400

Maximum
Exceeds PRG?

no

Soil concentrations are given in milligrams per kilogram (mg/kg).

Average Arithmetic average of the total number of samples, using proxy concentrations for non-detects.
PRG Preliminary Remediation Goal.
UCL 95 percent upper confidence limit (one-tailed) on the mean, assuming a normal distribution.
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TABLE 3-40
OCCURRENCE OF CONSTITUENTS DETECTED IN SEDIMENT SAMPLES AT

PSC OT-41
Luke Air Force Base, Arizona

Constituents

Metal
Lead

Frequency
Detects / Total

12/12

Range of
Min-

14-

Detects
Max

33

Total
Min

14

Range
-Max

-33

Region IX
Average UCL Residential PRG

23 27 400

Maximum
Exceeds PRG?

no

Sediment concentrations are given in milligrams per kilogram (mg/kg).

Average Arithmetic average of the total number of samples, using proxy concentrations for non-detects.
PRG Preliminary Remediation Goal.
UCL 95 percent upper confidence limit (one-tailed) on the mean, assuming a normal distribution.
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TABLE 3-41
OCCURRENCE OF CONSTITUENTS DETECTED IN SURFICIAL SOIL SAMPLES AT

PSC SS-42
Luke Air Force Base, Arizona

Frequency
Constituents Detects / Total

Range of Detects
Min - Max

Total Range
Min - Max Average UCL

Region IX
Residential PRG

Maximum
Exceeds PRG?

BNAs
Benzo(a)anthracene 1/4
Benzo(b)fluoranthene 1 14
Bis(2-ethylhexyl)phthalate 4 / 4
Chrysene 1/4
Di-n-butylphthalate 4 / 4
Fluoranthene 1/4
Pyrene 1 14

TPH 9 /14

0.52
1.4

0.23-1.5
0.85

0.39 -1.0
0.47
0.43

24 - 9,000

0.26 - 0.52
1.04 -1.43
0.23-1.48
0.26 - 0.85
0.39 -1.03
0.26 - 0.47
0.16-0.43

2.5 - 9,000

0.33
1.1

0.61
0.41
0.63
0.32
0.23

680

0.48
1.4
1.3

0.75
0.96
0.44
0.38

1.800

0.61
0.61
32
7.2

6,500
2,600
100

110 [a]

no
YES
no
no
no
no
no

YES

Metals
Lead 13/14 7.0 - 144 2.5 - 144 27 44 400 no

Soil concentrations are given in milligrams per kilogram (mg/kg).

[a] n-Hexane is used as a surrogate for comparison to Region IX PRG.
Average Arithmetic average of the total number of samples, using proxy concentrations for non-detects.
BNAs Base-neutral and acid extractable compounds.
PRG Preliminary Remediation Goal.
TPH Total petroleum hydrocarbons by EPA Method 8015 (modified).
UCL 95 percent upper confidence limit (one-tailed) on the mean, assuming a normal distribution.
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TABLE 3-42
OCCURRENCE OF CONSTITUENTS DETECTED IN SURFACE AND SUBSURFACE SOIL SAMPLES AT

PSC SS-42
Luke Air Force Base, Arizona

Constituents

VOCs
Xylenes

Frequency
Detects / Total

1 17

Range of Detects
Min - Max

0.96

Total Range
Min - Max

0.00165 - 0.96

Region IX
Average UCL Residential PRG

0.14 0.4 320

Maximum
Exceeds PRG?

no

BNAs
Benzo(a)anthracene 1/4
Benzo(b)fluoranthene 1/4
Bis(2-ethylhexyl)phthalate 4/4
Chrysene 1/4
Di-n-butylphthalate 4/4
Fluoranthene 1/4
Pyrene 1 /4

TPH 14 / 33

0.516
1.43

0.227 -1.48
0.848

0.393-1.03
0.472
0.427

6-9,000

0.261 - 0.516
1.04 -1.43

0.227-1.48
0.261 - 0.848
0.393 -1.03
0.261 - 0.472
0.157-0.427

2.5 - 9,000

0.33
1.1

0.61
0.41
0.63
0.32
0.23

780

0.48
1.4
1.3

0.75
0.96
0.44
0.38

1,500

Soil concentrations are given in milligrams per kilogram (mg/kg).

[a]
Average
BNAs
PRG
TPH
UCL

n-Hexane is used as a surrogate for comparison to Region IX PRG.
Arithmetic average of the total number of samples, using proxy concentrations for non-detects.
Base-neutral and acid extractable compounds.
Preliminary Remediation Goal.
Total petroleum hydrocarbons by EPA Method 8015 (modified).
95 percent upper confidence limit (one-tailed) on the mean, assuming a normal distribution.

0.61
0.61
32
7.2

6,500
2,600
100

110 [a]

no
YES
no
no
no
no
no

YES

Metals
Lead 32/33 5.0 - 144 2.5 - 144 17 25 400 no
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TABLE 3-43
OCCURRENCE OF CONSTITUENTS DETECTED IN GROUNDWATER SAMPLES AT

PSC SS-42
Luke Air Force Base, Arizona

Frequency
Constituents

Metals
Arsenic
Barium
Chromium
Copper
Nickel
Selenium
Zinc

Detects

1
7
7
2
5
3
7

/ Total

n
17
17
17
17
17
n

Range of Detects
Min

0.0070
0.077
0.026
0.019
0.071

0.0050
0.64

-Max

- 0.0070
-0.139
-3.84
- 0.036
- 0.254
- 0.0080
-3.09

Total
Min

0.0025
0.077
0.026

0.0050
0.010

0.0025
0.64

Range
-Max

-0
-0.
-3
-0.
-0.
-0
-3

0070
.139
.84
036
.254
.0080
.09

Average

0.0031
0.099
0.61
0.011
0.098
0.0041

2.0

UCL

0.0044
0.12
1.7

0.020
0.16

0.0058
2.5

Region IX Maximum
Tap Water Exceeds PRG?

PRG

0.000045
2.6
0.18 [a]
1.4

0.73
0.18
11

YES
no

YES
no
no
no
no

Groundwater concentrations are given in milligrams per liter (mg/L).

[a] Chromium VI is used as a surrogate for comparison to the Region IX PRG.
Average Arithmetic average of the total number of samples, using proxy concentrations for non-detects.
PRG Preliminary remediation goals.
UCL 95 percent upper confidence limit (one-tailed) on the mean, assuming a normal distribution.
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Page 1 of 2

Table 3-44
OCCURRENCE OF CONSTITUENTS DETECTED IN

PRODUCTION WELL SAMPLES
Luke Air Force Base, Arizona

Frequency
Constituents Detects /

VOCs
Bromoform
Bromodichloromethane
Chloroform
Dibromochloromethane
Dichlorodifluoromethane
TTHM

Inorganics
Arsenic
Barium
Calcium
Chromium
Chloride
Copper
Fluoride
Iron
Magnesium
Manganese
Nitrate
Nitrite
Nitrogen (total)
Sodium
Sulfate
Zinc

8
4
1
6
2
2

5
5
5
4
5
1
6
5
5
1

11
1
5
5
5
3

/

Total

20
/20
/
/
/
/

/
/
/
/
/
/
/
/
/
/
/
/
/
/
/
/

20
17
20
6

5
5
5
5
5
5
6
5
5
5
11
6
5
5
5
5

Range of Detects
Min

0.0008
0.0008

-Max

-0.011
- 0.0031

0.0012
0.001

0.0005
0.0011

0.006
0.04

20
0.013

13
0.02
0.5

0.01
9.00

0.
0.61
0.21
0.61

48
32.00
0.02

- 0.0056
-0.0012
- 0.0063

-0.013
-0.14
-72
-0.018
-104
-0.02
-2.50
-0.15
-30
01
-4.4
-0.21
-1.70
-90
-48

0.13

Total
Min

0.00025
0.00025
0.00025
0.00025
0.00025
0.00025

0.006
0.04

20
0.005

13
0.005

0.5
0.01

9
0.005
0.61

0.005
0.61

48
32

0.005

Range
-Max

-0.011
- 0.0031
-0.0012
- 0.0056
- 0.0012
- 0.0063

-0.013
-0.14
-72
-0.02
-104
-0.02
-2.5
-0.15
-30
-0.010
-4.4
-0.21
-1.7
-90
-48
-0.13

Average

0.0021
0.00054
0.00030
0.0013
0.00031
0.0014

0.0094
0.070

36
0.014

56
0.0080

1.4
0.070

16
0.0060

2.1
0.058
0.97
70
43

0.042

UCL

0.0033
0.00081
0.00038
0.0021
0.00040
0.0034

0.012
0.11
58

0.019
90

0.014
2.2
0.13
24

0.0081
2.9
0.12
1.4
89
50

0.092

Region IX Maximum
Tap Water Exceeds PRG?

PRG

0.008
0.00018
0.00016
0.0010
0.39

0.1000 [a]

0.000045
2.6
NA
0.18 [b]
250 [c]
1.4
2.2 [d]
0.3 [c]
NA
1.7
58
3.7
3.7
NA
400 [a]
11

YES
YES
YES
YES
no
no

YES
no
NA
no
no
no

YES
no
NA
no
no
no
no
NA
no
no

Footnotes on page 2
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Table 3-44
OCCURRENCE OF CONSTITUENTS DETECTED IN

PRODUCTION WELL SAMPLES
Luke Air Force Base, Arizona

Constituents

Pesticides
Aldicarb
Aldicarb sulfone
Aldicarb sulfoxide

Frequency
Detects / Total

1 /15
1 /15
1 715

Range of Detects
Min - Max

0.0050
0.0050
0.0050

Total
Min

0.00025
0.00040
0.00025

Range
-Max

- 0.0050
- 0.0050
- 0.0050

Average

0.0021
0.0021
0.0021

UCL

0.0027
0.0027
0.0027

Region IX
Tap Water

PRG

0.037
0.037
0.037

Maximum
Exceeds PRG?

no
no
no

Ground-water concentrations are given in milligrams per liter (mg/L).

[a]
[b]
[c]
[d]
Average
MCL
NA
PRG
TTHM
UCL

Region IX PRG not available, primary MCL used for comparison purposes.
Chromium VI is used as a surrogate for comparison to the Region IX PRG.
Region IX PRG not available, secondary MCL used for comparison purposes.
Fluorine is used as a surrogate for comparison to the Region IX PRG.
Arithmetic average of the total number of samples, using proxy concentrations for non-detects.
Maximum contaminant level.
Not available.
Preliminary remediation goals.
Total trihalomethanes.
95 percent upper confidence limit (one-tailed) on the mean, assuming a normal distribution.
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TABLE 3-45
COMPARISON OF UPWIND AND DOWNWIND CONCENTRATIONS

AT THE MAIN BASE
Luke Air Force Base, Arizona

Page 1 of 2

Constituent

VOCs
Acetone
Benzene
Bromodichloromethane
2-Butanone
Carbon disulfide
Carbon tetrachloride
Chtorobenzene
Chloroethane
Chloroform
Chloromethane
1,2-Dichloroethane
1 ,2-Dichloroethene (total)
Ethyl benzene
2-Hexanone
Methylene chloride
4-Methyl-2-pentanone
Styrene
1 ,1 ,2,2-Tetrachloroethane
Tetrachloroethene
Toluene
1,1,1-Trichloroethane
Trichloroethene
Vinyl chloride
Xylenes

Semi-VOCs
Acenaphthene
Benzole acid
Benzyl alcohol
Bis(2-ethylhexy)phthalate
Butylbenzylphthalate
4-Chlorophenyl-phenylether
Di-n-butylphthalate
Dibenzofuran
Diethylphthalate
Dimethylphthalate
2,4-Dinitrophenol
2,4-Dinitrotoluene

Range of Detects
Min - Max

8.8 - 242
0.64 - 3.2

0.85
2.8

0.52 - 18
0.49 - 0.85

0.85
0.85
0.85

0.69 - 45
0.85
0.85

0.66-11
2.8 - 2.8
224 - 1 ,072

2.8
1.54-14

0.85
0.73 - 5.4
0.86 - 197
0.79 - 2.2
0.85-25

0.85
0.86-38

0.69
0.071 - 0.49
0.063 - 0.28
0.19-5.2

0.058 - 0.19
0.69

0.1 - 2.2
0.69

0.065 - 0.42
ND
3.5

0.69

Mean

76
1.6

0.85
2.8
4.5
0.67
0.85
0.85
0.85
12

0.85
0.85
3.0
2.8
630
2.8
5.8
0.85
2.0
17
1.4
5.8
0.85
7.2

0.69
0.22
0.17
1.6

0.10
0.69
0.35
0.69
0.18

<0.068
3.5
0.69

Downwind*
COC in Other Region IX Maximum

Media? [a] Ambient Air PRG[b] Exceeds PRG?

n o -
no
no -
no -
no -
no -
no -
no -
n o -
no
n o -
no
no -
no -
no -
no -
no -
no -
no -
n o -
no
n o -
no
no -

no -
no -
n o -
no
n o -
no
no -
no -
no -
no -
no -
no -

Range of Detects
Min -Max

1.3-117
0.56 - 3.1

ND
3.1 -4.2

0.91 -4.9
ND
ND
ND
ND

1.2-21
ND
ND

0.63 - 4.2
ND

201 -919
ND
ND
ND

1.1 -19
0.88 - 27
0.78 - 3.1
2.9-15

ND
0.66 - 13

ND
0.14-0.47

0.064-0.14
0.071 -4.3
0.071 -0.13

ND
0.072 - 1 .5

ND
0.13 - 0.33

0.068
ND
ND

Mean

40
1.2

<0.93
1.8
1.8

<0.93
<0.93
<56

<0.93
6.8

<0.93
<0.93

1.3
<3.1
520
<3.1
<0.93
<0.93
2.0
5.6
1.3
3.1

<0.93
4.4

<0.67
0.41
0.12
0.87
0.12
<0.67
0.42
<0.67
0.27
0.068
<3.4
<0.67

Upwind'
COC in Other Region IX Maximum

Media? [a] Ambient Air PRG[b] Exceeds PRG?

n o -
no
.
n o -
no
.
.
.
.

no -
.
.

no -
.

no
-
.
.

no -
n o -
no
no -
.

no -

.
n o -
no
n o -
no
.

no
.

no
no -
.
- -

Footnotes appear on page 2.
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TABLE 3-45
COMPARISON OF UPWIND AND DOWNWIND CONCENTRATIONS

AT THE MAIN BASE
Luke Air Force Base, Arizona

Page 2 of 2

Constituent

Downwind' Upwind*
Range of Detects

Min - Max Mean
COC in Other

Media? [a]
Region IX

Ambient Air PRG[b]
Maximum

Exceeds PRG?
Range of Detects

Min -Max Mean
COC in Other

Media? [a]
Region IX

Ambient Air PRG[b)
Maximum

Exceeds PRG?

Semi-VOCs (continued)
Di-n-octylphthalate
Hexachlorobutadiene
2-Methylnaphthalene
Naphthalene
4-Nitrophenol
Phenanthrene
Phenol

1.2 - 1.8
ND

0.065 - 0.33
0.065 - 0.28

3.5
0.068

0.058 - 0.33

1.5
<0.13
0.17
0.21
3.5

0.068
0.13

no
no
no
no
no
no
no

0.60 - 0.71
0.13 -0.13

0.133 - 0.71
0.064 - 0.28

ND
0.064 - 0.14
0.066-0.14

0.39
0.13
0.35
0.22
<3.4
0.13
0.10

no
no
no
no

no
no

Inorganics
Aluminum
Boron
Copper
Iron
Lead
Manganese
Mercury
Zinc
Particulate matter

0.61
0.50

0.091
0.42

0.015
0.044

0.00040
0.0683

28

-3.0
-0.59
-0.13
-2.9
-0.12
-0.084
-0.0014
-0.10
-122

1.3
0.54
0.11
1.1

0.031
0.066

0.00070
0.087

64

no
no

YES
no
no
no
no
no

no[c]

.

.
NAP

-
-
-
-
-

150[d]

0.80
0.59

0.092
0.56

0.01 1
-

0.00040
0.067

no 40

-1.5
-0.60
-0.16
-1.4
-0.027

0.041
- 0.0021
- 0.075
-95

1.0
0.17
0.052
0.99

0.013
0.016
0.0007
0.031

62

no
no

YES
no
no
no
no
no

no[c]

.
-

NAP
-
-
-
-
-

[d]

.
-
-
-
-
-
-

no

Concentrations are reported in micrograms per cubic meter (pg/m1).

[a] Other media includes soil, sediment, and surface water.
[b] Comparison to Region IX PRGs completed for only those constituents also present in soil, surface water, or sediment.
[c] Not analyzed for In soil, sediment, or surface water; comparison to Region IX PRG will be completed.
[d] Ambient Air PRG not available; 24-hour ambient air quality PM-10 standard used for comparison purposes.
* Concentrations reported are from Appendix H, Tables 6 through 11 (particulates and metals), 15

through 20 (semi-VOCs), and 24 through 28 (VOCs).
Mean Arithmetic average of the total number of samples, using one-half the concentrations for

non-detects. If a constituent was never detected, the average of the detection limits is
presented.

NAP Not applicable.
ND Not detected.

G :\LUKBOU-1 ROD\TABLES\6-1 por.xteM 1 /6/98



Page 1 of2

TABLE 3-46
COMPARISON OF UPWIND AND DOWNWIND CONCENTRATIONS

AT THE SEWAGE TREATMENT PLANT AT
PSC RW-02

Luke Air Force Base, Arizona

Constituent

VOCs
Acetone
Benzene
Carbon tetrachloride
Methytene chloride
Tetrachloroethene
Toluene
1,1,1-Trichloroethane
Trichloroethene
Xylenes

Semi-VOCs
Benzole acid
Bis(2-ethylhexy)phthalate
Butylbenzylphthalate
Di-n-butylphthalate
Diethylphthalate
2-Methylnaphthalene
Naphthalene
Phenol

Inorganics
Aluminum
Copper
Iron
Lead
Manganese
Mercury
Zinc
Participate matter

Range of Detects
Min - Max

5.5-117
1.5-3.7
0.74
18-1105
2.7

1.7-11
1.2-2.1

3.9
1.33-2.93

0.14
0.68-1.5

0.066
0.26

0.070 - 0.14
0.070 - 0.081
0.070 - 0.14

0.14 -0.23

1.1 -2.7
0.093 - 0.10

1.12-2.7
0.014 - 0.021
0.053 - 0.063

0.00010-0.0010
0.067-0.11

66-163

Mean

45
2.3

0.74
440
2.7
4.9
1.7
3.9
2.3

0.14
1.1

0.066
0.26
0.094
0.073
0.11
0.16

2.0
0.097
2.1

0.017
0.059

0.00050
0.087
110

Downwind*
COC in Other Region IX Maximum

Media? [a] Ambient Air PRG[b] Exceeds PR G?

no -
no -
no -
no -
no -
no -
no -
n o -
no

no -
n o -
no
no -
no -
no -
no -
no -

no -
n o -
no
no -
no -
n o -
no

no[c] 150[d] YES

Range of Detects
Min - Max

3.0
2.0 - 8.7

ND
12-878

4.1
2.5 - 13
1.0-2.1

12.1
1.8-2.5

0.20
0.20 - 2.5

ND
0.067 - 0.07

0.20
0.069 - 0.07
0.067-0.15
0.13 - 0.20

1.1 -2.1
ND

1.27-2.1
0.014-0.015

0.049
0.00040

0.068 - 0.075
77-101

Mean

2.2
4.3

<1.02
310
1.4
8.1
1.3
3.4
1.3

1.2
1.1

<0.69
0.080
0.20
0.070
0.12
0.18

1.6
<0.035

1.6
0.015
0.027

0.00020
0.055

87

Upwind*
COC in Other Region IX Maximum

Media? [a] Ambient Air PRG[b] Exceeds PRG?

no
no
no
no -
no -
no -
n o -
no
no

no
n o -
no
no -
no -
no -
no -
no -

no -
n o -
no - -
no
no
no
no

no[c] 150[d] no

Footnotes appear on Page 2.
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TABLE 3-46
COMPARISON OF UPWIND AND DOWNWIND CONCENTRATIONS

AT THE SEWAGE TREATMENT PLANT AT
PSC RW-02

Luke Air Force Base, Arizona

Concentrations are reported in micrograms per cubic meter (M9/rn*).

[a] Other media includes soil, sediment, and surface water.
[b] Comparison to Region IX PRG completed for only those constituents detected in soil sediment, and surface water.
[c] Not analyzed for in soil, sediment, or surface water; comparison to Region IX PRG will be completed.
[d] Ambient Air PRG not available; 24-hour ambient air quality PM-10 standard used for comparison purposes.
* Concentrations reported are from Appendix H, Tables 12 through 14 (participates and metals), 21

through 23 (semi-VOCs), and 29 through 32 (VOCs).
Mean Arithmetic average of the total number of samples, using one-half the concentrations for non-detects.

If a constituent was never detected, the average of the detection limits is presented.
NO Not detected.
PRG Preliminary Remediation Goal.
Semi-VOC Semi-volatile organic compound.
VOC Volatile organic compound.
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TABLE 3-47
DERMAL AND ORAL ABSORPTION EFFICIENCIES

FOR CONSTITUENTS OF CONCERN
Luke Air Force Base, Arizona.

Constituents

VOCs

BNAs
Benzo(a)anthracene
Benzo(b)fluoranthene
Benzo(a)pyrene
Dibenzo(a,h)anthracene

OCDDfal

TRPHsfbl

Absorption Efficiencies
Dermal

0.1 a

Oral

1.00

0.03
0.03
0.03
0.03

0.03

0.06

0.10

c
c
c
c

a

e

a

0.85
0.85
0.85
0.85

0.87

0.95

1.00

c
c
c
c

d

f

b

Page 1 of 1

Metals
Antimony
Arsenic
Beryllium
Cadmium
Chromium
Copper
Fluoride
Lead

[a]
[b]

a
b
c
d
e
f
g
h
i
j
k
I
m
n

0.01 a
0.01 a
0.001 a
0.018 j
0.01 a
0.01 a
0.01 a

0.0006 n

TCDD is used as a surrogate for OCDD
n-Hexane is used as a surrogate for total
hydrocarbons (TRPHs).
USEPA. 1996 (Region IX PRGs).
Assumed.
ATSDR(1990b).
ASTDR, 1990c.
USEPA (1992).
Owen (1990).
ATSDR (1990a).
ATSDR(1991b).
ATSDR (1 991 c).
ATSDR (1991d).
ATSDR (1 991 e).
ATSDR (1989b).
ATSDR (1990d).
ATSDR (1991f).

0.01 g
0.95 h
0.009 i
0.02 j
0.02 k
0.60 I
0.96 m
0.15 n

recoverable petroleum
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TABLE 3-48
REFERENCE DOSES, TARGET SITES, AND CONFIDENCE LEVELS

FOR CONSTITUENTS OF CONCERN
Luke Air Force Base, Arizona

Page 1 of 1

RfDo (mg/ka/dav)
Constituent Subchronic Chronic

RfDi (mo/kfl/dav)
Subchronic Chronic

Target Sites
Oral Inhalation

Confidence Level/
Uncertainty Factor

VOCs
Bromodichloromethane 2.0E-02 2.0E-02
Bromoform 2.0E-01 2.0E-02
Chloroform 1.0E-02 1.0E-02
Dibromochloromethane 2.0E-01 2.0E-02
1,2-Dichloropropane 3.7E-03* 1.1E-03*

BNAs
Benzo(a)anthracene [a] 3.0E-01 3.0E-02
Benzo(b)fluoranthene [a] 3.0E-01 3.0E-02
Benzo(a)pyrene [a] 3.0E-01 3.0E-02
Dibenzo(a,h)anthracene [a] 3.0E-01 3.0E-02

OCDD NA NA

PCBs(Arolcor1254) 5.0E-05 2.0E-05

TRPHs 6.0E-01 6.0E-02

NA
2.0E-02*
1.0E-02*
2.0E-01*
3.7E-03

3.0E-01*
3.0E-01*
3.0E-01*
3.0E-01*

NA

NA
2.0E-02*
1.0E-02*
2.0E-02*
1.1E-03

3.0E-02*
3.0E-02*
3.0E-02*
3.0E-02*

NA

5.0E-05* 2.0E-05*

5.7E-02 5.7E-02

kidney
liver
liver
liver
NA

kidney
kidney
kidney
kidney

NA

immune system

CNS, testicles

NA
NA
NA
NA

nasal mucosa

NA
NA
NA
NA

NA

NA

CNS

medium/1000
medium/1000
medium/1000
medium/1000
medium/300

low/3000
low/3000
low/3000
low/3000

NA

medium/300

Metals
Antimony
Arsenic
Beryllium
Cadmium
Chromium VI
Copper
Fluoride
Lead

4.0E-04
3.0E-04
5.0E-03
5.0E-04*
2.0E-02
3.7E-02
6.0E-02

NA

4.0E-04
3.0E-04
5.0E-03
5.0E-04*
5.0E-03
3.7E-02
6.0E-02

NA

NA
NA
NA
NA
NA
NA
NA
NA

NA
NA
NA

5.7E-05*
NA
NA
NA
NA

increased mortality
skin
none

kidney
NA

gastrointestinal tract
teeth
CNS

NA
NA
NA
NA
NA
NA
NA

CNS

low/1000
medium/3
low/100
high/10
low/500

NA
high/1

NA

References: IRIS, 1996; USEPA, 1996 (Region IX PRG tables); USEPA, 1995 (HEAST)

* Following USEPA Region IX guidance, route-to route extrapolation was assumed when route-specific values were not available.
[a] Pyrene is used as a surrogate for polycydic aromatic hydrocarbons (PAHs).
[b] n-Hexane is used as a surrogate for total recoverable petroleum hydrocarbons (TRPHs).
[c] Based on current drinking water standard.
CNS Central nervous system.
mg/kg/day Milligrams per kilogram per day.
NA Not available.
OCDD Octachloro-dibenzo-para-dioxin
RfDi Inhalation reference dose.
RfDo Oral reference dose.
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TABLE 3-49
CANCER SLOPE FACTORS, TUMOR SITES, AND USEPA CANCER CLASSIFICATIONS

FOR CONSTITUENTS OF CONCERN
Luke Air Force Base, Arizona

CSF (kg-day/mg)
Constituent

VOCs
Bromodichloromethane
Bromoform
Chloroform
Dibromochloromethane
1 ,2-Dichloropropane

BNAs
Benzo(a)anthracene [a]
Benzo(b)fluoranthene [a]
Benzo(a)pyrene [a]
Dibenzo(a,h)anthracene [a]

OCDD fbl

PCBs

Metals
Arsenic
Beryllium
Cadmium
Chromium (Total)
Lead

Oral

6.2E-02
7.9E-03
6.1E-03
8.4E-02
6.8E-02

7.3E-01
7.3E-01
7.3E+00
7.3E+00

1.5E+02

7.7E+00

1.5E+00
4.3E+00

NAP
NAP
NA

Inhalation

NA
3.9E-03
8.1E-02
8.4E-02*

NA

7.3E-01*
7.3E-01*
7.3E+00*
7.3E+00*

1.5E+02

7.7E+00*

1.5E+01
8.4E+00
6.3E+00
4.1E+01

NA

Tumor site
Oral

large intestine/kidney
large intestine

kidney
liver
liver

stomach
stomach
stomach
stomach

liver

liver

skin
total tumors

NA
NA
NA

Inhalation

NA
large intestine

liver
NA
NA

respiratory tract
respiratory tract
respiratory tract
respiratory tract

respiratory tract

NA

respiratory tract
lung

respiratory tract
lung
NA

USEPA
Classification

B2
B2
B2
C
B2

B2
B2
B2
B2

B2

B2

A
B2
B1
A
B2

Footnotes apear on Page 2.
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TABLE 3-49
CANCER SLOPE FACTORS, TUMOR SITES, AND USEPA CANCER CLASSIFICATIONS

FOR CONSTITUENTS OF CONCERN
Luke Air Force Base, Arizona

References:

[a]

[b]
BNA
CSF
kg-day/mg
NA
OCDD
PAH
TCDD
TEF
VOCs

ATSDR, 1991b; IRIS, 1996; USEPA, 1996 (Region IX PRG tables); USEPA.1995; USEPA, 1992 (Dermal Risk
Assessment Supplemental Guidance).

Following USEPA Region IX guidance, route-to route extrapolation was assumed when route-specific values
were not available.
CSFs for the carcinogenic PAHs were calculated using the CSFs for benzo(a)pyrene and the following toxicity
equivalence factors (TEFs) recommended by USEPA (USEPA, 1993):

PAH
Benzo(a) anthracene
Benzo(b)fluoranthene
Benzo(a)pyrene
Dibenzo(a,h)anthracene

IEF
0.1
0.1
1.0
1.0

CSFs for OCDD was calculated using the CSFs for TCDD and a TEF of (0.001).
Base-neutral and acid extractable compounds.
Cancer slope factor.
Kilograms-day per milligram.
Not available.
Octachloro-dibenzo-para-dioxin.
Polycyclic aromatic hydrocarbon.
2,3,7,8-Tetrachlorodibenzo-p-dioxin (TCDD).
Toxicity equivalence factor.
Volatile Organic Compounds.
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TABLE 3-50
EXPOSURE ASSUMPTIONS FOR AVERAGE AND REASONABLE MAXIMUM SOIL EXPOSURE SCENARIOS

Luke Air Force Base, Arizona.

Base Worker Military Personnel
Future Excavation

Worker Child Visitor
Average RME

AP (carcinogens; days/lifetime) 25,550 25,550
AP (non-carcinogens; days/lifetime) 2,190 9,125
BR (m3/hr) 2.5a 2.5*
BW (kg) 70* 70"
C, (mg/kg) b c
ED (years) 6f 25s

EF (days/year) 12° 24°
ET (hours/day) 2B 48

IR (mg/day) 50* 50"
SAP (mg/cm2-day) 0.2h 1h

SSA (cm2) 3,160h 3,160h

a USEPA(1991a).

Average

25,550
1,095
2.5a

70'
b
3'

250"
8'
50"
0.2h

990'

b Average concentration in surficial soils (for PSC DP-1 3 this
includes soils from 0 to 6 feet below ground surface).

c Lesser of maximum concentration or 95 percent UCL on
arithmetic average for surficial soils (for PSC DP-13 this
soils from 0 to 6 feet below ground surface).

the
includes

d Average concentration in surface and subsurface soils combined.
e Lesser of maximum concentration or 95 percent UCL on the

arithmetic average for surface and subsurface soils combined.
f Information from Luke AFB (Geraghty & Miller, 1992).
g Professional judgment based on available information.
h USEPA (1992).
i USEPA (1989C).
AP Averaging period.
BR Breathing rate.
BW Body weight.

RME

25.550
1,825
2.5'
70"
c
5'

250*
8"
50"
1h

990'

cm2

c.
ED
EF
ET
IR
kg
m3/hr
mg
mg/day
mg/cmz-day
PSC
RME
SAR
SSA
UCL

Average RME

25,550 25.550
42 84

2.5" 2.5*
70* 70"
d e
1" 1"

309 72"
8* 8"

1008 480'
0.2h 1h

3,160' 3,1 60'

Square centimeters.
Soil concentration.
Exposure duration.
Exposure frequency.
Exposure time.
Soil ingestion rate.
Kilograms.
Cubic meters per hour.
Milligrams.
Milligrams per day.
Milligram per square centimeter

Average

25,550
3,285

3'
30'
b
9fl

12"
2B

100"
0.2h

3,700'

per day.

RME

25,550
3,285

3'
30'
c
99

24"
4fl

100"
1h

3,700'

Potential source of contamination.
Reasonable maximum exposure
Skin adherence rate.
Skin surface area.
Upper confidence limit.
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TABLE 3-51
EXPOSURE ASSUMPTIONS FOR AVERAGE AND REASONABLE MAXIMUM GROUNDWATER EXPOSURE SCENARIOS

Luke Air Force Base, Arizona.

Base Worker
Average RME

Military Personnel
Average RME

Base Resident
Average RME

AP (carcinogens) (days/lifetime)
AP (non-carcinogens)(days/lifetime)
BW (kg)
Cgw (mg/kg)
ED (years)
EF (days/year)
ET (minutes/day)
IR (L/day)
SSA (cm2)

25,550
2,190
70'
b
6d

250-
8,,f
1*

1,980'-m

25,550
9,125

70'
c

25"
250"
16«.8

1"

1,980'-m

25,550
1,095
70'
b
3d

250'
y>.b

r
840'-"

25,550
1,825
70a

c
5d

250a

4-J
1'

840'-"

25,550
1,095
70'
b
3d

350"
10e.i

2a

15,520'-°

25,550
1,825
70a

c
5d

350a

20e-k

2"
15,520'-°

a USEPA(1991a).
b Average concentration in groundwater.
c Lesser of maximum concentration or 95 percent UCL on the arithmetic average.
d Information from Luke AFB (Geraghty & Miller, 1992).
e Professional judgment based on available information.
f Assumes 4 events/day x 2 minutes/event.
g Assumes 8 events/day x 2 minutes/event.
h Assumes 4 events/day x 0.5 minutes/event.
i Assumed 8 events/day x 0.5 minutes/event.
j Assumes 1 event/day x 10 minutes/event.
k Assumes 1 event/day x 20 minutes/event.
I USEPA(1992).
m Skin surface area of hands and forearms.
n Skin surface area of hands.
o Eighty percent of total body surface area.
AP Averaging period.
BW Body weight.
cm2 Square centimeters.
Cgw Groundwater concentration.

ED Exposure duration.
EF Exposure frequency.
ET Exposure time.
IR Groundwater ingestion rate.
kg Kilograms.
mg Milligrams
L/day Liters per day.
SSA Skin surface area.
UCL Upper confidence limit.
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TABLE 3-52
CURRENT TOTAL SITE HUMAN-HEALTH RISK SUMMARY

FOR AVERAGE EXPOSURE
Luke Air Force Base, Arizona

Page 1 of 7

Operable PSC Media
Unit

OU-1 RW-02
Ground water [a]

+ Soil
Total Risks*

Arsenic in Groundwater
Arsenic in Soil*

- Beryllium in Soil*
Total Risks**

OU-1 LF-03
Groundwater [a]

+ Soil
Total Risks*

Arsenic in Groundwater
Arsenic in Soil*

- Beryllium in Soil*
Total Risks**

OU-1 FT-07 (Pre-Remediation)
Groundwater [a]

+ Soil[b]
Total Risks*

Arsenic in Groundwater
Arsenic in Soil*

- Beryllium in Soil*
Total Risks**

Potential Current
Base Worker

ELCR

1E-05
2E-08
1E-05

1E-05
1E-08

ND
1E-08

1E-05
2E-08
1E-05

1E-05
1E-08
8E-09
2E-09

1E-05
NC

1E-05

1E-05
ND
ND

NEG

HI

0.5
0.0004

0.5

0.3
0.0003

ND
0.2

0.5
0.0003

0.5

0.3
0.0003

0.000005
0.2

0.5
0.000009

0.5

0.3
ND
ND
0.2

Receptor

Potential Current Potential Current Potential Current
Military Personnel Child Visitor Base Resident
ELCR

6E-06
2E-07
6E-06

5E-06
1E-07

ND
1E-06

6E-06
--

6E-06

5E-06

--
1E-06

6E-06
--

6E-06

5E-06

--
1E-06

HI ELCR

0.5
0.007
0.5

0.3
0.006

ND
0.2

0.5
--

0.5

0.3
. .
..

0.2

0.5
--

0.5

0.3

..
0.2

HI ELCR

2E-05
..

2E-05

1E-05

..
1E-05

2E-05
--

2E-05

1E-05

..
1E-05

2E-05
--

2E-05

1E-05

- -
1E-05

HI

2

2

0.7

--
1

2
--
2

0.7

--
1

2
--
2

0.7

--
1

Footnotes appear on Page 7.
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TABLE 3-52
CURRENT TOTAL SITE HUMAN-HEALTH RISK SUMMARY

FOR AVERAGE EXPOSURE
Luke Air Force Base, Arizona

Page 2 of 7

Operable PSC Media
Unit

OU-1 FT-07 (Post-Remediation)
Groundwater [a]

+ Soil[c]
Total Risks*

Arsenic in Groundwater
Arsenic in Soil*

- Beryllium in Soil*
Total Risks**

OU-1 SS-11
Groundwater [a]

+ Soil
Total Risks*

Arsenic in Groundwater
Arsenic in Soil*

- Beryllium in Soil*
Total Risks**

OU-1 OT-12
Groundwater [a]

+ Soil
Total Risks*

Arsenic in Groundwater
Arsenic in Soil*

- Beryllium in Soil*
Total Risks**

Potential Current
Base Worker

ELCR

1E-05
2E-08
1E-05

1E-05
1E-08

ND
1E-08

1E-05
7E-10
1E-05

1E-05
--
--

7E-10

1E-05
4E-08
1E-05

1E-05
1E-08
8E-09
2E-08

HI

0.5
0.0006

0.5

0.3
0.0003

ND
0.2

0.5
0.00002

0.5

0.3

--
0.2

0.5
0.0004

0.5

0.3
0.0003

0.000005
0.2

Receptor

Potential Current Potential Current Potential Current
Military Personnel Child Visitor Base Resident
ELCR

6E-06
--

6E-06

5E-06

--
1E-06

6E-06
--

6E-06

5E-06

--
1E-06

6E-06
--

6E-06

5E-06

--
1E-06

HI ELCR

0.5
..

0.5

0.3

--
0.2

0.5
--

0.5

0.3

-.
0.2

0.5
--

0.5

0.3
. .

0.2

HI ELCR

2E-05
..

2E-05

1E-05
. .
..

1E-05

2E-05
..

2E-05

1E-05

..
1E-05

2E-05
..

2E-05

1E-05

-.
1E-05

HI

2
--
2

0.7

--
1

2
--
2

0.7

--
1

2
--
2

0.7

1
hootnotes appear on Page /.
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TABLE 3-52
CURRENT TOTAL SITE HUMAN-HEALTH RISK SUMMARY

FOR AVERAGE EXPOSURE
Luke Air Force Base, Arizona

Page 3 of7

Operable PSC Media
Unit

OU-1 DP-13
Groundwater [a]

+ Soil
Total Risks*

Arsenic in Groundwater
Arsenic in Soil*

- Beryllium in Soil*
total Risks**

OU-1 LF-14
Groundwater [a]

+ Soil
Total Risks*

Arsenic in Groundwater
Arsenic in Soil*

- Beryllium in Soil*
total Risks**

OU-1 SS-17
Groundwater [a]

+ Soil
Total Risks*

Arsenic in Groundwater
Arsenic in Soil*

- Beryllium in Soil*
Total Risks**

Potential Current
Base Worker

ELCR

1E-05
2E-08
1E-05

1E-05
1E-08
8E-09
2E-09

1E-05
8E-08
1E-05

1E-05
1E-08
8E-09
6E-08

1E-05
3E-08
1E-05

1E-05
1E-08
8E-09
1E-08

HI

0.5
0.0004

0.5

0.3
0.0003

0.000005
0.2

0.5
0.002
0.5

0.3
0.0003

0.000005
0.2

0.5
0.0005

0.5

0.3
0.0003

0.000005
0.2

Receptor

Potential Current Potential Current Potential Current
Military Personnel Child Visitor Base Resident
ELCR

6E-06
2E-06
8E-06

5E-06
1E-07
5E-08
3E-06

6E-06
--

6E-06

5E-06

--
1E-06

6E-06
--

6E-06

5E-06

1E-06

HI ELCR

0.5
0.05
0.6

0.3
0.006

0.00006
0.2

0.5
--

0.5

0.3
. -
-.

0.2

0.5
--

0.5

0.3
. -
..

0.2

HI ELCR

2E-05
--

2E-05

1E-05

.-
1E-05

2E-05
..

2E-05

1E-05

..
1E-05

2E-05
.-

2E-05

1E-05
. .
-.

1E-05

HI

2
--
2

0.7

--
1

2
--
2

0.7
--
--
1

2
--
2

0.7

--
1

Footnotes appear on Page 7.
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TABLE 3-52
CURRENT TOTAL SITE HUMAN-HEALTH RISK SUMMARY

FOR AVERAGE EXPOSURE
Luke Air Force Base, Arizona

Page 4 of7

Receptor

Operable PSC Media
Unit

OU-1 SD-20
Groundwater [a]

+ Soil
Total Risks*

Arsenic in Groundwater
Arsenic in Soil*

- Beryllium in Soil*
Total Risks**

OU-1 SD-21
Groundwater [a]
Soil

+ Surface Water and/or Sediment
total Risks*

Arsenic in Groundwater
Arsenic in Soil*

- Beryllium in Soil*
Total Risks**

OU-1 LF-25
Groundwater [a]

+ Soil
Total Risks*

Arsenic in Groundwater
Arsenic in Soil*

- Beryllium in Soil
Total Risks**

Potential Current
Base Worker

ELCR

1E-05
2E-08
1E-05

1E-05
1E-08
8E-09
2E-09

1E-05
3E-08
4E-08
1E-05

1E-05
1E-08
8E-09
5E-08

1E-05
4E-08
1E-05

1E-05
1E-08
8E-09
2E-08

HI

0.5
0.0003

0.5

0.3
0.0003

0.000005
0.2

0.5
0.0003
0.001

0.5

0.3
0.0003

0.000005
0.2

0.5
0.02
0.5

0.3
0.0003

0.000005
0.2

Potential Current
Military Personnel
ELCR

6E-06
--

6E-06

5E-06

--
1E-06

6E-06

--
6E-06

5E-06
--
--

1E-06

6E-06
--

6E-06

5E-06

--
1E-06

HI

0.5
--

0.5

0.3

--
0.2

0.5

0.5

0.3

--
0.2

0.5
--

0.5

0.3

--
0.2

Potential Current
Child Visitor

ELCR

--
1E-07
1E-07

_ _

8E-08
4E-08
NEG

--
2E-07
1E-07
3E-07

8E-08
4E-08
2E-07

--
--

--
--

HI

--
0.002
0.002

0.001
0.00002

0.001

--
0.002
0.002
0.004

_ _

0.001
0.00002
0.003

--
--

--
--

Potential Current
Base Resident

ELCR

2E-05
--

2E-05

1E-05

--
1E-05

2E-05

--
2E-05

1E-05

1E-05

2E-05
--

2E-05

1E-05

--
1E-05

HI

2
--
2

0.7

--
1

2

--
2

0.7

1

2
--
2

0.7

--
1

Footnotes appear on Page 7.
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TABLE 3-52
CURRENT TOTAL SITE HUMAN-HEALTH RISK SUMMARY

FOR AVERAGE EXPOSURE
Luke Air Force Base, Arizona

Page 5 of 7

Receptor

Operable PSC Media
Unit

OU-1 SD-26
Groundwater [a]

+ Soil
Total Risks*

Arsenic in Groundwater
Arsenic in Soil*

- Beryllium in Soil*
Total Risks"

OU-1 LF-37
Groundwater [a]

+ Soil
Total Risks*

Arsenic in Groundwater
Arsenic in Soil*

- Beryllium in Soil*
Total Risks**

OU-1 SD-38
Groundwater [a]

+ Soil
Total Risks*

Arsenic in Groundwater
Arsenic in Soil

- Beryllium in Soil*
Total Risks**

Potential Current
Base Worker

ELCR

1E-05
2E-08
1E-05

1E-05
1E-08
8E-09
2E-09

1E-05
3E-08
1E-05

1E-05
1E-08
8E-09
1E-08

1E-05
--

1E-05

1E-05

NEG

HI

0.5
0.0004

0.5

0.3
0.0003

0.000005
0.2

0.5
0.0004

0.5

0.3
0.0003

0.000005
0.2

0.5
--

0.5

0.3

--
0.2

Potential Current
Military Personnel
ELCR

6E-06
--

6E-06

5E-06

--
1E-06

6E-06
--

6E-06

5E-06

--
1E-06

6E-06
--

6E-06

5E-06

--
1E-06

HI

0.5
--

0.5

0.3

--
0.2

0.5
--

0.5

0.3

--
0.2

0.5
--

0.5

0.3

--
0.2

Potential Current Potential Current
Child Visitor Base Resident

ELCR HI ELCR

2E-05
1E-07 0.003
1E-07 0.003 2E-05

1E-05
8E-08 0.001
4E-08 0.00002
NEG 0.002 1E-05

2E-05
..

2E-05

1E-05

..
1E-05

2E-05
..

2E-05

1E-05

..
1E-05

HI

2
--
2

0.7

--
1

2
--
2

0.7

--
1

2
--
2

0.7

--
1

Footnotes appear on Page 7.

G:\LUKE\OU-lROD\TABLES\7-llan.xls\l 1/6/98



TABLE 3-52
CURRENT TOTAL SITE HUMAN-HEALTH RISK SUMMARY

FOR AVERAGE EXPOSURE
Luke Air Force Base, Arizona

Page 6 of7

Operable PSC Media
Unit

OU-1 SD-39
Groundwater [a]

+ Soil
Total Risks*

Arsenic in Groundwater
Arsenic in Soil

- Beryllium in Soil*
Total Risks**

OU-1 OT-41
Groundwater [a]

+ Sediment
total Risks*

Arsenic in Groundwater
Arsenic in Soil*

- Beryllium in Soil*
Total Risks**

OU-1 SS-42
Groundwater [a]

+ Soil
Total Risks*

Arsenic in Groundwater
Arsenic in Soil*

- Beryllium in Soil*
Total Risks**

Potential Current
Base Worker

ELCR

1E-05
3E-08
1E-05

1E-05
1E-08

ND
2E-08

1E-05
--

1E-05

1E-05

--
NEG

1E-05
2E-09
1E-05

1E-05

2E-09

HI

0.5
0.001
0.5

0.3
0.0003

ND
0.2

0.5
--

0.5

0.3

--
0.2

0.5
0.00006

0.5

0.3

--
0.2

Receptor

Potential Current Potential Current Potential Current
Military Personnel Child Visitor Base Resident
ELCR

6E-06
3E-07
6E-06

5E-06
1E-07

ND
1E-06

6E-06
--

6E-06

5E-06

--
1E-06

6E-06
2E-08
6E-06

5E-06

--
1E-06

HI ELCR

0.5
0.01
0.5

0.3
0.006
ND
0.2

0.5
--

0.5

0.3
. .

0.2

0.5
0.0008

0.5

0.3
. _
.-

0.2

HI ELCR

2E-05
..

2E-05

1E-05

..
1E-05

2E-05
..

2E-05

1E-05

..
1E-05

2E-05
--

2E-05

1E-05

..
1E-05

HI

2
--
2

0.7
--
--
1

2

2

0.7

--
1

2
--
2

0.7

--
1

Footnotes appear on Page 7.
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TABLE 3-52
CURRENT TOTAL SITE HUMAN-HEALTH RISK SUMMARY

FOR AVERAGE EXPOSURE
OPERABLE UNITS 1 AND 2

Luke Air Force Base, Arizona

Page 7 of 7

Italics Indicate risks from background concentrations.
* Total risk calculation is the sum of risk from groundwater and soil.
** Total risk calculation is the total PSC risk from groundwater and soil minus risks from background concentrations of arsenic in groundwater

and soil, and beryllium in soil.
[a] Current ground-water risk calculated using production well data.
[b] Risk calculated using pre-remediation data.
[c] Risks calculated using post-remediation data.

Not quantitatively evaluated.
Average Reasonable average exposure.
ELCR Excess lifetime cancer risk.
HI Hazard index.
NA Not available.
NC No carcinogenic constituents of concern.
ND Constituent not detected at PSC.
NEG Negligible; total PSC risk without risks from background concentrations is negligible, either below

regulatory guideline (ELCR < 1E-6, HI < 1) or value is < or = 0.
PSC Potential source of contamination.
OU Operable unit.
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TABLE 3-53
CURRENT TOTAL SITE HUMAN-HEALTH RISK SUMMARY

FOR REASONABLE MAXIMUM EXPOSURE
Luke Air Force Base, Arizona

I I

Page 1 of 7

Operable PSC Media
Unit

OU-1 RW-02
Groundwater [a]

+ Soil
Total Risks*

Arsenic in Groundwater
Arsenic in Soil*

- Beryllium in Soil*
Total Risks**

OU-1 LF-03
Groundwater [a]

+ Soil
Total Risks*

Arsenic in Groundwater
Arsenic in Soil*

- Beryllium in Soil*
Total Risks**

OU-1 FT-07 (Pre-Remediation)
Groundwater [a]

+ Soil[b]
Total Risks*

Arsenic in Groundwater
Arsenic in Soil*

- Beryllium in Soil*
Total Risks**

Potential Current
Base Worker

ELCR

7E-05
3E-07
7E-05

3E-04 -
3E-07

ND
NEG

7E-05
6E-07
7E-05

3E-04
3E-07
6E-07
NEG

7E-05
NC

7E-05

3E-04
ND
ND

NEG

HI

0.8
0.003
0.8

2
0.002
ND

NEG

0.8
0.001
0.8

2
0.002

0.00008
NEG

0.8
0.002
0.8

2
ND
ND

NEG

Receptor

Potential Current Potential Current Potential Current
Military Personnel Child Visitor Base Resident
ELCR

2E-05
4E-07
2E-05

5E-05
5E-07

ND
NEG

2E-05
--

2E-05

5E-05

--
NEG

2E-05
--

2E-05

5E-05
--
--

NEG

HI ELCR

0.8
0.01
0.8

2
0.02
ND

NEG

0.8
..

0.8

2

..
NEG

0.8
..

0.8

2
. .
.-

NEG

HI ELCR

4E-05
--

4E-05

1E-04
. .
..

NEG

4E-05
..

4E-05

1E-04
. .
-.

NEG

4E-05
..

4E-05

1E-04
. .

NEG

HI

2
--
2

5

--
1

2
--
2

5

1

2
--
2

5

1
Footnotes appear on Page 7.
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TABLE 3-53
CURRENT TOTAL SITE HUMAN-HEALTH RISK SUMMARY

FOR REASONABLE MAXIMUM EXPOSURE
Luke Air Force Base, Arizona

Page 2 of 7

Operable PSC Media
Unit

OU-1 FT-07 (Post-Remediation)
Groundwater [a]

+ Soil[c]
Total Risks*

Arsenic in Groundwater
Arsenic in Soil*

- Beryllium in Soil*
Total Risks**

OU-1 SS-1 1
Groundwater [a]

+ Soil
Total Risks*

Arsenic in Groundwater
Arsenic in Soil*

- Beryllium in Soil*
Total Risks**

OU-1 OT-12
Groundwater [a]

+ Soil
Total Risks*

Arsenic in Groundwater
Arsenic in Soil*

- Beryllium in Soil*
Total Risks**

Potential Current
Base Worker

ELCR

7E-05
3E-07
7E-05

3E-04
3E-07

ND
NEG

7E-05
2E-08
7E-05

3E-04

NEG

7E-05
1E-06
7E-05

3E-04
3E-07
6E-07
NEG

HI

0.8
0.01
0.8

2
0.002

ND
NEG

0.8
0.0004

0.8

2

NEG

0.8
0.007
0.8

2
0.002

0.00008
NEG

Receptor

Potential Current Potential Current Potential Current
Military Personnel Child Visitor Base Resident
ELCR

2E-05

2E-05

5E-05

NEG

2E-05

2E-05

5E-05

NEG

2E-05

2E-05

5E-05

NEG

HI ELCR

0.8

0.8

2

NEG

0.8

0.8

2

NEG

0.8

0.8

2

NEG

HI ELCR

4E-05

4E-05

1E-04

NEG

4E-05

4E-05

1E-04

NEG

4E-05

4E-05

1E-04

NEG

HI

2

2

5

1

2

2

5

1

2

2

5

1
Footnotes appear on Page 7.
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TABLE 3-53
CURRENT TOTAL SITE HUMAN-HEALTH RISK SUMMARY

FOR REASONABLE MAXIMUM EXPOSURE
Luke Air Force Base, Arizona

Page 3 of 7

Operable PSC Media
Unit

OU-1 DP-13
Groundwater [a]

+ Soil
Total Risks*

Arsenic in Groundwater
Arsenic in Soil*

- Beryllium in Soil*
Total Risks**

OU-1 LF-14
Groundwater [a]

+ Soil
Total Risks*

Arsenic in Groundwater
Arsenic in Soil*

- Beryllium in Soil*
Total Risks**

OU-1 SS-17
Groundwater [a]

+ Soil
Total Risks*

Arsenic in Groundwater
Arsenic in Soil*

- Beryllium in Soil*
Total Risks**

Potential Current
Base Worker

ELCR

7E-05
5E-07
7E-05

3E-04
3E-07
6E-07
NEG

7E-05
3E-06
7E-05

3E-04
3E-07
6E-07
5E-06

7E-05
1E-06
7E-05

3E-04
3E-07
6E-07
NEG

HI

0.8
0.005
0.8

2
0.002

0.00008
NEG

0.8
0.08
0.9

2
0.002

0.00008
NEG

0.8
0.03
0.8

2
0.002

0.00008
NEG

Receptor

Potential Current Potential Current Potential Current
Military Personnel Child Visitor Base Resident
ELCR

2E-05
8E-06
3E-05

5E-05
5E-07
5E-07
8E-06

2E-05
--

2E-05

5E-05

--
NEG

2E-05
--

2E-05

5E-05
--
--

NEG

HI ELCR

0.8
0.4
1

2
0.02

0.0003
NEG

0.8
--

0.8

2

--
NEG

0.8
--

0.8

2

--
NEG

HI ELCR

4E-05
..

4E-05

1E-04

--
NEG

4E-05
--

4E-05

1E-04
. .
-.

NEG

4E-05
--

4E-05

1E-04
. .
-.

NEG

HI

2
--
2

5

--
1

2
--
2

5

--
1

2
--
2

5

1
Footnotes appear on Page 7.
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TABLE 3-53
CURRENT TOTAL SITE HUMAN-HEALTH RISK SUMMARY

FOR REASONABLE MAXIMUM EXPOSURE
Luke Air Force Base, Arizona

Page 4 of7

Receptor

Operable PSC Media
Unit

OU-1 SD-20
Groundwater [a]

+ Soil
Total Risks*

Arsenic in Groundwater
Arsenic in Soil*

- Beryllium in Soil*
Total Risks**

OU-1 SD-21
Groundwater [a]
Soil

+ Surface Water and/or Sediment
Total Risks*
Arsenic in Groundwater
Arsenic in Soil*

- Beryllium in Soil*
Total Risks**

OU-1 LF-25
Groundwater [a]

+ Soil
Total Risks*

Arsenic in Groundwater
Arsenic in Soil*

- Beryllium in Soil
Total Risks**

Potential Current
Base Worker

ELCR

7E-05
5E-07
7E-05

3E-04
3E-07
6E-07
NEG

7E-05
8E-07
1E-06
7E-05

3E-04
3E-07
6E-07
NEG

7E-05
2E-06
7E-05

3E-04
3E-07
6E-07
NEG

HI

0.8
0.004
0.8

2
0.002

0.00008
NEG

0.8
0.001
0.004
0.8

2
0.002

0.00008
NEG

0.8
0.5
1

2
0.002

0.00008
NEG

Potential Current
Military Personnel
ELCR

2E-05
--

2E-05

5E-05

--
NEG

2E-05

--
2E-05

5E-05

--
NEG

2E-05
--

2E-05

5E-05

--
NEG

HI

0.8
--

0.8

2

--
NEG

0.8

--
0.8

2

--
NEG

0.8
--

0.8

2

--
NEG

Potential Current
Child Visitor

ELCR

6E-07
6E-07

5E-07
6E-07
NEG

9E-07
1E-06
2E-06

5E-07
6E-07
8E-07

--
--
--

--
- -

HI

0.01
0.01

0.008
0.0002
0.002

--
0.005
0.02
0.03

0.008
0.0002

0.02

--
--

--
--

Potential Current
Base Resident

ELCR

4E-05
--

4E-05

1E-04

--
NEG

4E-05
--
--

4E-05

1E-04

--
NEG

4E-05
--

4E-05

1E-04

--
NEG

HI

2
--
2

5

1

2

--
2

5

--
1

2
--
2

5

1
Footnotes appear on Page 7.
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TABLE 3-53
CURRENT TOTAL SITE HUMAN-HEALTH RISK SUMMARY

FOR REASONABLE MAXIMUM EXPOSURE
Luke Air Force Base, Arizona

Page 5 of 7

Operable PSC Media
Unit

OU-1 SD-26
Groundwater [a]

+ Soil
Total Risks*

Arsenic in Groundwater
Arsenic in Soil*

- Beryllium in Soil*
Total Risks**

OU-1 LF-37
Groundwater [a]

+ Soil
Total Risks*

Arsenic in Groundwater
Arsenic in Soil*

- Beryllium in Soil*
Total Risks**

OU-1 SD-38
Groundwater [a]

+ Soil
Total Risks*

Arsenic in Groundwater
Arsenic in Soil

- Beryllium in Soil*
Total Risks**

Potential Current
Base Worker

ELCR

7E-05
5E-07
7E-05

3E-04
3E-07
6E-07
NEG

7E-05
8E-07
7E-05

3E-04
3E-07
6E-07
NEG

7E-05

7E-05

3E-04

--
NEG

HI

0.8
0.008
0.8

2
0.002

0.00008
NEG

0.8
0.005
0.8

2
0.002

0.00008
NEG

0.8

0.8

2

--
NEG

Receptor
Potential Current Potential Current
Military Personnel Child Visitor
ELCR

2E-05

2E-05

5E-05
--
--

NEG

2E-05

2E-05

5E-05
--
--

NEG

2E-05

2E-05

5E-05
--
--

NEG

HI ELCR HI

0.8
6E-07 0.02

0.8 6E-07 0.02

2
5E-07 0.008
6E-07 0.0002

NEG NEG 0.01

0.8

0.8

2
. .
-.

NEG

0.8

0.8

2
-.
..

NEG

Potential Current
Base Resident

ELCR

4E-05

4E-05

1E-04
--
--

NEG

4E-05

4E-05

1E-04
--
--

NEG

4E-05

4E-05

1E-04

--
NEG

HI

2

2

5

--
1

2

2

5
--
--
1

2

2

5

--
1

Footnotes appear on Page 7.
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TABLE 3-53
CURRENT TOTAL SITE HUMAN-HEALTH RISK SUMMARY

FOR REASONABLE MAXIMUM EXPOSURE
Luke Air Force Base, Arizona

Page 6 of 7

Operable PSC Media
Unit

OU-1 SD-39
Groundwater [a]

+ Soil
Total Risks*

Arsenic in Groundwater
Arsenic in Soil

- Beryllium in Soil*
Total Risks"

OU-1 OT-41
Groundwater [a]
Soil

+ Sediment
Total Risks*

Arsenic in Groundwater
Arsenic in Soil*

- Beryllium in Soil*
Total Risks**

OU-1 SS-42
Groundwater [a]

+ Soil
Total Risks*
Arsenic in Groundwater
Arsenic in Soil*

- Beryllium in Soil*
Total Risks**

Potential Current
Base Worker

ELCR

7E-05
4E-07
7E-05

3E-04
3E-07

ND
NEG

7E-05

--
7E-05

3E-04

--
NEG

7E-05
6E-08
7E-05

3E-04
--
--

NEG

HI

0.8
0.008
0.8

2
0.002

ND
NEG

0.8

--
0.8

2

--
NEG

0.8
0.01
0.8

2
--
--

NEG

Receptor

Potential Current Potential Current Potential Current
Military Personnel Child Visitor Base Resident
ELCR

2E-05
6E-07
2E-05

5E-05
5E-07

ND
NEG

2E-05

2E-05

5E-05

--
NEG

2E-05
6E-08
2E-05

5E-05

--
NEG

HI ELCR

0.8
0.02
0.8

2
0.02
ND

NEG

0.8

..
0.8

2
_ .
..

NEG

0.8
0.004
0.8

2

--
NEG

HI ELCR

4E-05
..

4E-05

1E-04
..
--

NEG

4E-05
. .
..

4E-05

1E-04
. .
..

NEG

4E-05
--

4E-05

1E-04
. .
-.

NEG

HI

2
--
2

5
--
--
1

2

--
2

5

--
1

2
--
2

5

1
Footnotes appear on Page 7.
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TABLE 3-53
CURRENT TOTAL SITE HUMAN-HEALTH RISK SUMMARY

FOR REASONABLE MAXIMUM EXPOSURE
OPERABLE UNITS 1 AND 2

Luke Air Force Base, Arizona

Page 7 of 7

Italics Indicate risks from background concentrations.
* Total risk calculation is the sum of risk from groundwater and soil.
** Total risk calculation is the total PSC risk from groundwater and soil minus risks from background concentrations of arsenic in groundwater

and soil, and beryllium in soil.
[a] Current ground-water risk calculated using production well data.
[b] Risks calculated using pre-remediation data.
[c] Risks calculated using post-remediation data.

Not quantitatively evaluated.
Average Reasonable average exposure.
ELCR Excess lifetime cancer risk.
HI Hazard index.
NA Not available.
NC No carcinogenic constituents of concern.
ND Constituent not detected at PSC.
NEG Negligible; total PSC risk without risks from background concentrations is negligible, either below

regulatory guideline (ELCR < 1E-6, HI < 1) or value is < or = 0.
PSC Potential source of contamination.
OU Operable unit.
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TABLE 3-54
HYPOTHETICAL FUTURE TOTAL SITE HUMAN-HEALTH RISK SUMMARY

FOR AVERAGE EXPOSURE
OPERABLE UNITS 1 AND 2

Luke Air Force Base, Arizona

Page 1 of7

Receptor

Operable PSC Media
Unit

OU-1 RW-02
Groundwater [a]

+ Soil
Total Risks*

Arsenic in Groundwater
Arsenic in Soil*

- Beryllium in Soil*
Total Risks**

OU-1 LF-03
Groundwater [a]

+ Soil
Total Risks*

Arsenic in Groundwater
Arsenic in Soil*

- Beryllium in Soil*
Total Risks**

OU-1 FT-07 (Pre-Remediation)
Groundwater [a]

+ Soil[b]
Total Risks*

Arsenic in Groundwater
Arsenic in Soil*

- Beryllium in Soil*
Total Risks**

Hypothetical Future
Base Worker

ELCR

1E-05
2E-08
1E-05

1E-05
1E-08

ND
1E-08

2E-08
2E-08

_ _

1E-08
8E-09
2E-09

2E-07
NC

2E-07

ND
ND
ND

2E-07

HI

0.3
0.0004

0.3

0.3
0.0003

ND
0.0001

--
0.0003
0.0003

0.0003
0.000005

NEG

0.007
0.000009

0.007

ND
ND
ND

0.007

Hypothetical Future
Military Personnel
ELCR

6E-06
2E-07
6E-06

5E-06
1E-07

ND
1E-06

--

_ _

- -

8E-08
--

8E-08

ND

--
8E-08

HI

0.3
0.007
0.3

0.3
0.006
ND

0.001

--

_ _

- -

0.007
--

0.007

ND

--
0.007

Hypothetical Future
Excavation Worker
ELCR

--
2E-08
2E-08

. _

1E-08
4E-09
6E-09

--
3E-08
3E-08

1E-08
4E-09
2E-08

--
3E-09
3E-09

1E-08
ND

NEG

HI

--
0.06
0.06

_ _

0.01
0.0001

0.05

--
0.05
0.05

_ _

0.01
0.0001

0.04

--
0.004
0.004

0.01
ND

NEG

Hypothetical Future
Base Resident

ELCR

2E-05
--

2E-05

1E-05
--
--

1E-05

--
--

--
--

2E-07
--

2E-07

ND

--
2E-07

HI

0.9
--

0.9

0.7

--
0.2

--
--

--
--

0.02
--

0.02

ND

--
0.02

Footnotes appear on Page 7.
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TABLE 3-54
HYPOTHETICAL FUTURE TOTAL SITE HUMAN-HEALTH RISK SUMMARY

FOR AVERAGE EXPOSURE
OPERABLE UNITS 1 AND 2

Luke Air Force Base, Arizona

Page 2 of7

Receptor

Operable PSC
Unit

Media Hypothetical Future
Base Worker

Hypothetical Future
Military Personnel

Hypothetical Future
Excavation Worker

Hypothetical Future
Base Resident

OU-1

OU-1

OU-1

FT-07 (Post-Remediation)
Groundwater [a]

+ Soil[c]
Total Risks*

Arsenic in Groundwater
Arsenic in Soil*

- Beryllium in Soil*
Total Risks"

SS-11
Groundwater [a]

+ Soil
Total Risks*

Arsenic in Groundwater
Arsenic in Soil*

- Beryllium in Soil*
Total Risks"

OT-12
Groundwater [a]

+ Soil
Total Risks*

Arsenic in Groundwater
Arsenic in Soil*

- Beryllium in Soil*
Total Risks**

ELCR

2E-07
2E-08
2E-07

ND
1E-08

ND
2E-07

7E-10
7E-10

_ _

--
7E-10

4E-08
4E-08

_ _

1E-08
8E-09
2E-08

HI ELCR HI

0.007 8E-08 0.007
0.0006
0.008 8E-08 0.007

ND ND ND
0.0003

ND
0.007 8E-08 0.007

-.
0.00002
0.00002

_ _ _ _ - -
_ .
..

0.00002

..
0.0004
0.0004

- - . - - -

0.0003
0.000005
0.0001

ELCR

--
1E-08
1E-08

_ _

1E-08
ND

NEC

--

_ _

- -

2E-08
2E-08

_ _

1E-08
4E-09
6E-09

HI ELCR

2E-07
0.03
0.03 2E-07

ND
0.01
ND

0.02 2E-07

-.
..
- -

_ . . .
..
.-
- -

..
0.02
0.02

- - . _

0.01
0.0001
0.01

HI

0.02
--

0.02

ND

--
0.02

--

--
--

- -

_ _

--
--

Footnotes appear on Page 7.
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TABLE 3-54
HYPOTHETICAL FUTURE TOTAL SITE HUMAN-HEALTH RISK SUMMARY

FOR AVERAGE EXPOSURE
OPERABLE UNITS 1 AND 2

Luke Air Force Base, Arizona

Page 3 of7

Operable PSC Media
Unit

OU-1 DP-13
Groundwater [a]

+ Soil
Total Risks*

Arsenic in Groundwater
Arsenic in Soil*

- Beryllium in Soil*
Total Risks**

OU-1 LF-14
Groundwater [a]

+ Soil
Total Risks*

Arsenic in Groundwater
Arsenic in Soil*

- Beryllium in Soil*
Total Risks**

OU-1 SS-17
Groundwater [a]

+ Soil
Total Risks*

Arsenic in Groundwater
Arsenic in Soil*

- Beryllium in Soil*
Total Risks**

Hypothetical Future
Base Worker

ELCR

--
2E-08
2E-08

_ _

1E-08
8E-09
2E-09

--
8E-08
8E-08

_ _

1E-08
8E-09
6E-08

--
3E-08
3E-08

- -

1E-08
8E-09
1E-08

HI

--
0.0004
0.0004

. _

0.0003
0.000005
0.0001

--
0.002
0.002

_ _

0.0003
0.000005

0.002

--
0.0005
0.0005

0.0003
0.000005
0.0002

Receptor

Hypothetical Future Hypothetical Future Hypothetical Future
Military Personnel Excavation Worker Base Resident
ELCR HI ELCR

..
2E-06 0.05 6E-08
2E-06 0.05 6E-08

_ _ . . . .

1E-07 0.006 1E-08
5E-08 0.00006 4E-09
2E-06 0.04 5E-08

-.
7E-08
7E-08

- - - - - -

1E-08
4E-09
6E-08

2E-08
2E-08

. . - - - -

1E-08
4E-09
6E-09

HI ELCR

..
0.09
0.09

. . _ _

0.01
0.0001
0.08

--
0.1
0.1

- - . .

0.01
0.0001
0.09

..
0.02
0.02

- - . .

0.01
0.0001

0.01

HI

--
- -

_ _

--

--
--

- -

--
- -

_ _

--

Footnotes appear on Page 7.
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TABLE 3-54
HYPOTHETICAL FUTURE TOTAL SITE HUMAN-HEALTH RISK SUMMARY

FOR AVERAGE EXPOSURE
OPERABLE UNITS 1 AND 2

Luke Air Force Base, Arizona

Page 4 of 7

Receptor

Operable PSC Media
Unit

OU-1 SD-20
Groundwater [a]

+ Soil
Total Risks*

Arsenic in Groundwater
Arsenic in Soil*

- Beryllium in Soil*
Total Risks**

OU-1 SD-21
Groundwater [a]
Soil

+ Surface Water and/or Sediment
Total Risks*

Arsenic in Groundwater
Arsenic in Soil*

- Beryllium in Soil*
Total Risks**

OU-1 LF-25
Groundwater [a]

+ Soil
Total Risks*

Arsenic in Groundwater
Arsenic in Soil*

- Beryllium in Soil
Total Risks"

Hypothetical Future
Base Worker

ELCR

2E-05
2E-08
2E-05

1E-05
1E-08
8E-09
1E-05

5E-06
3E-08
4E-08
5E-06

1E-05
1E-08
8E-09
NEC

--
4E-08
4E-08

_ _

1E-08
8E-09
2E-08

HI

0.5
0.0003

0.5

0.3
0.0003

0.000005
0.2

0.1
0.0003
0.001
0.1

0.3
0.0003

0.000005
NEG

--
0.02
0.02

0.0003
0.000005

0.02

Hypothetical Future
Military Personnel
ELCR

9E-06
--

9E-06

5E-06
--
--

4E-06

3E-06
--
--

3E-06

5E-06

--
NEG

--
--

--
--

HI

0.5
--

0.5

0.3

--
0.2

0.1

--
0.1

0.3

--
NEG

--
--

--
--

Hypothetical Future Hypothetical Future
Excavation Worker Base Resident
ELCR HI ELCR

2E-05
--

2E-05

1E-05

--
1E-05

7E-06
-.
..

7E-06

1E-05
. .
.-

NEG

..
2E-08 0.2
2E-08 0.2

_ _ _ _ . _
1E-08 0.01
4E-09 0.0001
6E-09 0.2

HI

1
--
1

0.7
--
--

0.3

0.4

--
0.4

0.7

--
NEG

--
--

_ _

--
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TABLE 3-54
HYPOTHETICAL FUTURE TOTAL SITE HUMAN-HEALTH RISK SUMMARY

FOR AVERAGE EXPOSURE
OPERABLE UNITS 1 AND 2

Luke Air Force Base, Arizona

Page 5 of 7

Receptor

Operable PSC
Unit

Media Hypothetical Future
Base Worker

Hypothetical Future
Military Personnel

Hypothetical Future
Excavation Worker

Hypothetical Future
Base Resident

Footnotes
OU-1

OU-1

OU-1

appear on Page 7.
SD-26

Groundwater [a]
+ Soil

Total Risks*

Arsenic in Groundwater
Arsenic in Soil*

- Beryllium in Soil*
Total Risks"

LF-37
Groundwater [a]

+ Soil
Total Risks*

Arsenic in Groundwater
Arsenic in Soil*

- Beryllium in Soil*
Total Risks**

SD-38
Groundwater [a]

+ Soil
Total Risks*

Arsenic in Groundwater
Arsenic in Soil

- Beryllium in Soil*
Total Risks**

ELCR

--
2E-08
2E-08

_ _

1E-08
8E-09
2E-09

--
3E-08
3E-08

_ _

1E-08
8E-09
1E-08

--
--

--

HI ELCR HI

..
0.0004
0.0004

- _ - - . .

0.0003
0.000005
0.0001

..
0.0004
0.0004

- - - - - -

0.0003
0.000005
0.0001

..

..
- -

_ _ _ . _ _

..

ELCR

--
--

--

--
2E-08
2E-08

_ _

1E-08
4E-09
6E-09

2E-08
2E-08

1E-08
4E-09
6E-09

HI ELCR

..
--
- -

_ _ - _
. .
..
- -

..
0.02
0.02

- - . .

0.01
0.0001
0.01

--
0.04
0.04

- - - -

0.01
0.0001

0.03

HI

--
--

_ _

- -

--
--

_ .
--
--

--
--

_ _

- -

G:\LUKE\OU-lROD\TABLES\7-31an.xls\l 1/6/98



TABLE 3-54
HYPOTHETICAL FUTURE TOTAL SITE HUMAN-HEALTH RISK SUMMARY

FOR AVERAGE EXPOSURE
OPERABLE UNITS 1 AND 2

Luke Air Force Base, Arizona

Page 6 of 7

Receptor

Operable PSC
Unit

Media Hypothetical Future
Base Worker

ELCR HI

Hypothetical Future
Military Personnel
ELCR HI

Hypothetical Future
Excavation Worker

Hypothetical Future
Base Resident

ELCR HI ELCR HI

Footnotes appear on Page 7.
OU-1 SD-39

Groundwater [a]
+ Soil

Total Risks*
3E-08
3E-08

0.001
0.001

3E-07
3E-07

0.01
0.01

2E-08
2E-08

0.03
0.03

Arsenic in Groundwater
Arsenic in Soil

- Beryllium in Soil*
Total Risks**

1E-08
ND

2E-08

0.0003
ND

0.0007

1E-07
ND

2E-07

0.006
ND

0.004

1E-08
ND

1E-08

0.01
ND

0.02

OU-1 OT-41
Groundwater [a]

+ Sediment___
Total Risks*

Arsenic in Groundwater
Arsenic in Soil*

- Beryllium in Soil*
Total Risks**

OU-1 SS-42
Groundwater [a]

+ Soil______
Total Risks*

Arsenic in Groundwater
Arsenic in Soil*

- Beryllium in Soil*
Total Risks**

4E-06
2E-09
4E-06

1E-05

0.3
0.00006

0.3

0.3

2E-06
2E-08
2E-06

5E-06

0.3
0.0008

0.3

0.3

2E-09
2E-09

NEG 0.00006 NEG 0.0008

0.002
0.002

2E-09 0.002

5E-06

5E-06

1E-05

NEG

1

1

0.7

0.7
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TABLE 3-54 Page 7 of 7
HYPOTHETICAL FUTURE TOTAL SITE HUMAN-HEALTH RISK SUMMARY

FOR AVERAGE EXPOSURE
OPERABLE UNITS 1 AND 2

Luke Air Force Base, Arizona

______________________Receptor_____________________

Operable PSC Media Hypothetical Future Hypothetical Future Hypothetical Future Hypothetical Future
Unit Base Worker Military Personnel Excavation Worker Base Resident

ELCR HI ELCR HI ELCR HI ELCR HI

Footnotes appear on Page 7.
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TABLE 3-54
HYPOTHETICAL FUTURE TOTAL SITE HUMAN-HEALTH RISK SUMMARY

FOR AVERAGE EXPOSURE
OPERABLE UNITS 1 AND 2

Luke Air Force Base, Arizona

Page 7 of 7

Italics Indicate risks from background concentrations.
* Total risk calculation is the sum of risk from groundwater and soil.
** Total risk calculation is the total PSC risk from groundwater and soil minus risks from background concentrations of arsenic in groundwater

and soil, and beryllium in soil.
[a] Hypothetical future groundwater risk calculated using monitoring well data, where available.
[b] Risks calculated using pre-remediation data.
[c] Risks calculated using post-remediation data.

Not quantitatively evaluated.
Average Reasonable average exposure.
ELCR Excess lifetime cancer risk.
HI Hazard index.
NA Not available.
NC No carcinogenic constituents of concern.
ND Constituent not detected at PSC.
NEG Negligible; total PSC risk without risks from background concentrations is negligible, either below regulatory guideline (ELCR < 1E-6,

Hl<1)orvalueis<or = 0.
PSC Potential source of contamination.
OU Operable unit.
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TABLE 3-55
HYPOTHETICAL FUTURE TOTAL SITE HUMAN-HEALTH RISK SUMMARY

FOR REASONABLE MAXIMUM EXPOSURE
OPERABLE UNITS 1 AND 2

Luke Air Force Base, Arizona

Page 1 of7

Receptor

Operable
Unit

OU-1

OU-1

OU-1

Footnotes

PSC Media

RW-02
Groundwater [a]

+ Soil
Total Risks*

Arsenic in Groundwater
Arsenic in So//*

- Beryllium in Soil*
Total Risks**

LF-03
Groundwater [a]

+ Soil
Total Risks*

Arsenic in Groundwater
Arsenic in Soil*

- Beryllium in Soil*
Total Risks**

FT-07 (Pre-Remediation)
Groundwater [a]

+ Soil[b]
Total Risks*

Arsenic in Groundwater
Arsenic in Soil*

- Beryllium in Soil*
Total Risks**

appear on Page 7.

Hypothetical Future
Base Worker

ELCR

9E-05
3E-07
9E-05

3E-04
3E-07

ND
NEG

6E-07
6E-07

3E-07
6E-07
NEG

NC

ND
ND
--

HI

0.6
0.003
0.6

2
0.002
ND

NEG

0.001
0.001

0.002
0.00008

NEG

0.002
0.002

ND
ND
ND

0.002

Hypothetical Future
Military Personnel
ELCR HI

2E-05 0.6
4E-07 0.01
2E-05 0.6

5E-05 2
5E-07 0.02

ND ND
NEG NEG

..

--

..

- -

Hypothetical Future
Excavation Worker
ELCR

2E-07
2E-07

3E-07
1E-07
NEG

3E-07
3E-07

3E-07
1E-07
NEG

4E-08
4E-08

3E-07
ND

NEG

HI

0.6
0.6

0.2
0.002
0.4

0.5
0.5

0.2
0.002
0.3

0.03
0.03

0.2
ND

NEG

Hypothetical Future
Base Resident

ELCR HI

5E-05 2

5E-05 2

1E-04 5

NEG NEG

--

..

..

--
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TABLE 3-55
HYPOTHETICAL FUTURE TOTAL SITE HUMAN-HEALTH RISK SUMMARY

FOR REASONABLE MAXIMUM EXPOSURE
OPERABLE UNITS 1 AND 2

Luke Air Force Base, Arizona

Page 2 of7

Operable
Unit

OU-1

OU-1

OU-1

Footnotes

PSC Media

FT-07 (Post-Remediation)
Groundwater [a]

+ Soil[c]
Total Risks*

Arsenic in Groundwater
Arsenic in Soil*

- Beryllium in So//*
Total Risks**

SS-11
Groundwater [a]

+ Soil
Total Risks*

Arsenic in Groundwater
Arsenic in Soil*

- Beryllium in Soil*
Total Risks**

OT-12
Groundwater [a]

+ Soil
Total Risks*

Arsenic in Groundwater
Arsenic in Soil*

- Beryllium in Soil*
Total Risks**

appear on Page 7.

Receptor

Hypothetical Future Hypothetical Future Hypothetical Future Hypothetical Future
Base Worker Military Personnel Excavation Worker Base Resident

ELCR

3E-07
3E-07

3E-07
ND

NEG

2E-08
2E-08

2E-08

1E-06
1E-06

3E-07
6E-07
1E-07

HI ELCR

0.01
0.01

0.002
ND
0.01

0.0004
0.0004

0.0004

0.007
0.007

0.002
0.00008

0.005

HI ELCR

2E-07
2E-07

3E-07
ND

NEG

--

3E-07
3E-07

3E-07
1E-07
NEG

HI ELCR

0.2
0.2

0.2
ND

NEG

--

0.1
0.1

0.2
0.002
NEG

HI

--

--

--

--

--

- -

--
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TABLE 3-55
HYPOTHETICAL FUTURE TOTAL SITE HUMAN-HEALTH RISK SUMMARY

FOR REASONABLE MAXIMUM EXPOSURE
OPERABLE UNITS 1 AND 2

Luke Air Force Base, Arizona

I I

PageS of?

Operable
Unit

OU-1

OU-1

OU-1

Footnotes

PSC Media

DP-13
Groundwater [a]

+ Soil
Total Risks*

Arsenic in Groundwater
Arsenic in Soil*

- Beryllium in Soil*
Total Risks**

LF-14
Groundwater [a]

+ Soil
Total Risks*

Arsenic in Groundwater
Arsenic in Soil*

- Beryllium in Soil*
Total Risks**

SS-17
Groundwater [a]

+ Soil
Total Risks*

Arsenic in Groundwater
Arsenic in Soil*

- Beryllium in Soil*
Total Risks**

appear on Page 7.

Hypothetical Future
Base Worker

ELCR

5E-07
5E-07

3E-07
6E-07
NEG

3E-06
3E-06

3E-07
6E-07
2E-06

1E-06
1E-06

3E-07
6E-07
1E-07

HI

0.005
0.005

0.002
0.00008
0.003

0.08
0.08

0.002
0.00008

0.08

0.03
0.03

0.002
0.00008

0.03

Receptor

Hypothetical Future Hypothetical Future Hypothetical Future
Military Personnel Excavation Worker Base Resident
ELCR HI ELCR

8E-06 0.4 6E-07
8E-06 0.4 6E-07

5E-07 0.02 3E-07
5E-07 0.0003 1E-07
7E-06 0.4 2E-07

1E-06
1E-06

3E-07
1E-07
6E-07

3E-07
3E-07

3E-07
1E-07
NEG

HI ELCR

1
1

0.2
0.002

1

1
1

0.2
0.002

1

0.2
0.2

0.2
0.002
NEG

HI

- -

--

--

--

- -

--

--
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TABLE 3-55
HYPOTHETICAL FUTURE TOTAL SITE HUMAN-HEALTH RISK SUMMARY

FOR REASONABLE MAXIMUM EXPOSURE
OPERABLE UNITS 1 AND 2

Luke Air Force Base, Arizona

Page 4 of 7

Operable PSC Media
Unit

OU-1 SD-20
Groundwater [a]

+ Soil
Total Risks*

Arsenic in Groundwater
Arsenic in Soil*

- Beryllium in Soil*
Total Risks**

OU-1 SD-21
Groundwater [a]
Soil

+ Surface Water and/or Sediment
Total Risks*

Arsenic in Groundwater
Arsenic in Soil*

- Beryllium in Soil*
Total Risks**

OU-1 LF-25
Groundwater [a]

+ Soil
Total Risks*

Arsenic in Groundwater
Arsenic in Soil*

- Beryllium in Soil
Total Risks**

Hypothetical Future
Base Worker

ELCR

1E-04
5E-07
1E-04

3E-04
3E-07
6E-07
NEG

6E-05
8E-07
1E-06
6E-05

3E-04
3E-07
6E-07
NEG

--
2E-06
2E-06

3E-07
6E-07
1E-06

HI

0.8
0.004
0.8

2
0.002

0.00008
NEG

0.4
0.001
0.004
0.4

2
0.002

0.00008
NEG

--
0.5
0.5

0.002
0.00008

0.5

Receptor

Hypothetical Future Hypothetical Future
Military Personnel Excavation Worker
ELCR

3E-05
--

3E-05

5E-05
--
--

NEG

1E-05
--
--

1E-05

5E-05

--
NEG

--
--
--

--
--
--

HI ELCR HI

0.8
..

0.8

2
. .
..

NEG

0.4

..
0.4

2
. .
--

NEG

--
3E-07 3
3E-07 3

3E-07 0.2
1E-07 0.002
NEG 3

Hypothetical Future
Base Resident

ELCR

8E-05
--

8E-05

1E-04

- -
NEG

3E-05

--
3E-05

1E-04

--
NEG

--
--
--

--
--
--

HI

2
--
2

5

--
NEG

1
--
--
1

5

- -
NEG

--
- -
--

--
- -

Footnotes appear on Page 7.
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TABLE 3-55
HYPOTHETICAL FUTURE TOTAL SITE HUMAN-HEALTH RISK SUMMARY

FOR REASONABLE MAXIMUM EXPOSURE
OPERABLE UNITS 1 AND 2

Luke Air Force Base, Arizona

Page 5 of7

Operable
Unit

OU-1

OU-1

OU-1

Footnotes

PSC Media

SD-26
Groundwater [a]

+ Soil
Total Risks*

Arsenic in Groundwater
Arsenic in Soil*

- Beryllium in Soil*
Total Risks**

LF-37
Groundwater [a]

+ Soil
Total Risks*

Arsenic in Groundwater
Arsenic in So//*

- Beryllium in Soil"
Total Risks**

SD-38
Groundwater [a]

+ Soil
Total Risks*

Arsenic in Groundwater
Arsenic in Soil

- Beryllium in Soil*
Total Risks**

appear on Page 7.

Receptor

Hypothetical Future Hypothetical Future Hypothetical Future Hypothetical Future
Base Worker Military Personnel Excavation Worker Base Resident

ELCR

5E-07
5E-07

3E-07
6E-07
NEG

8E-07
8E-07

3E-07
6E-07
NEG

--

--

HI ELCR

0.008
0.008

0.002
0.00008
0.006

0.005
0.005

0.002
0.00008
0.003

..

-.

HI ELCR

--

--

3E-07
3E-07

3E-07
1E-07
NEG

3E-07
3E-07

3E-07
1E-07
NEG

HI ELCR

--

--

0.1
0.1

0.2
0.002
NEG

0.4
0.4

0.2
0.002
0.2

HI

--

--

- -

- -

- -

--

--

G:\LUKE\OU-1 ROD\TABLES\7-4lan.xls\l 1/6/98



TABLE 3-55
HYPOTHETICAL FUTURE TOTAL SITE HUMAN-HEALTH RISK SUMMARY

FOR REASONABLE MAXIMUM EXPOSURE
OPERABLE UNITS 1 AND 2

Luke Air Force Base, Arizona

Page 6 of7

Operable PSC Media
Unit

OU-1 SD-39
Groundwater [a]

+ Soil
Total Risks*

Arsenic in Groundwater
Arsenic in Soil

- Beryllium in So//*
Total Risks**

OU-1 OT-41
Groundwater [a]
Soil

+ Sediment
Total Risks*

Arsenic in Groundwater
Arsenic in So//*

- Beryllium in So//*
Total Risks**

OU-1 SS-42
Groundwater [a]

+ Soil
Total Risks*

Arsenic in Groundwater
Arsenic in Soil*

- Beryllium in Soil*
Total Risks**

Hypothetical Future
Base Worker

ELCR

--
4E-07
4E-07

3E-07
ND

1E-07

- -
--
--
--

--

4E-05
6E-08
4E-05

3E-04

--
NEG

HI

--
0.008
0.008

0.002
ND

0.006

--
--
--
--

--
--

8
0.01

8

2

--
8

Receptor

Hypothetical Future Hypothetical Future Hypothetical Future
Military Personnel Excavation Worker Base Resident
ELCR

--
6E-07
6E-07

5E-07
ND

1E-07

--
--
--
--

--
--
--

7E-06
6E-08
7E-06

5E-05
--
- -

NEG

HI ELCR

--
0.02 3E-07
0.02 3E-07

. .
0.02 3E-07
ND ND

NEG NEG

--
..
..
--
. .

--
- -

2
0.004 2E-08

2 2E-08

2
. .
..
2 2E-08

HI ELCR

..
0.2
0.2

0.2
ND

NEG

..

..

..

..

. .

..

..

2E-05
0.02
0.02 2E-05

1E-04

--
0.02 NEG

HI

--
--

--

--
- -
- -
--

--
- -

6
--
6

5

- -
5

Footnotes appear on Page 7.
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TABLE 3-55
HYPOTHETICAL FUTURE TOTAL SITE HUMAN-HEALTH RISK SUMMARY

FOR REASONABLE MAXIMUM EXPOSURE
OPERABLE UNITS 1 AND 2

Luke Air Force Base, Arizona

Page 7 of7

Italics Indicate risks from background concentrations.
* Total risk calculation is the sum of the risk from groundwater and soil.
** Total risk calculation is the total PSC risk from soil and groundwater minus risks from background concentrations of arsenic in groundwater and

soil, and beryllium in soil.
[a] Hypothetical future groundwater risk calculated using monitoring well data, where available.
[b] Risks calculated using pre-remediation data.
[c] Risks calculated using post-remediation data.

Not quantitatively evaluated.
Average Reasonable average exposure.
ELCR Excess lifetime cancer risk.
HI Hazard index.
NA Not available.
NC No carcinogenic constituents of concern.
ND Constituent not detected at PSC.
NEC Negligible; total PSC risk without risks from background concentrations is negligible, either below regulatory guideline (ELCR < 1E-6,

Hl<1) or value is < or = 0.
PSC Potential source of contamination.
OU Operable unit.
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Table 3-56
Summary Of Risk Calculations for Hypothetical Future Residential Exposure

to Surface and Subsurface Soil at
Luke Air Force Base, Arizona

SRL Ratio Calculation [a,b,<
PSC

RW-02

LF-03

FT-07

SS-11

OT-12

DP-13

LF-14

SS-17

SD-20

SD-21

LF-25

SD-26

LF-37

SD-38

SD-39

OT-41

SS-42

ELCR

3E-07

5E-06

2E-06

[d]

1E-06

3E-05

1E-05

5E-07

4E-07

8E-07

2E-07

4E-07

3E-07

4E-06

9E-07

[d]

6E-07

HI

0.3

1

NEG

[d]

NEG

2

0.2

NEG

NEG

NEG

1

NEG

NEG

NEG

0.01

[d]

NA

The ELCR is calculated using a target cancer risk of 1 E-06. The HQ is calculated using a target hazard index of 1.

[a] Carcinogenic and Noncarcinogenic SRL used in ratio taken from ADEQ SRL calculation
for Residential Land Use.

[b] ELCR and HI are the total PSC risk from soil minus risks from background concentrations of
arsenic and beryllium in soil.

[c] PSC deemed suitable for Unrestricted Land Use if ELCR is at or below 1 E-06 and the
HI is at or below 1.

[d] SRL ratio not calculated; ratio calculation using USEPA Region IX PRGs showed ELCR
at or below 1 E-06 and the HI at or below 1; PSC deemed suitable for Unrestricted Land Use.

ADEQ Arizona Department of Environmental Quality.
ELCR Excess lifetime cancer risk.
HI Hazard index (sum of the HQs).
mg/kg Milligrams per kilogram.
NA Not available. There are no non-carcinogenic COCs, therefore, a HI could not be calculated.
NEG Negligible; total PSC risk without risks from background is negligible (< or = 0).
PRG Preliminary Remediation Goal.
PSC Potential Source of Contamination.
SRL Soil remediation level.
USEPA United States Environmental Protection Agency.

g:/Luke/OU-ROD/TABLES/Res_sum/11 /10/98



TABLE 3-57
BLOOD LEAD LEVELS FOR EXPOSURE TO SURFICIAL SOIL

Luke Air Force Base, Arizona

PSC

LF-25

Exposure
Scenario

average
RME

Lead
Surface

Cs
(mg/kg)

610
1,600

Lead
Groundwater

Cgw
(mg/L)

a
a

Blood
Geometric

Mean
(ug/dL)

7.0
13.5

Lead Level
Percent
Below

10ug/dL

79
30

Blood lead levels were calculated using the USEPA model "LEAD0.99."
The default value for air (0.1 ug/m3) was used in determining blood lead levels. The default value is
higher than the mean concentrations detected in upwind or downwind ambient air and approximately
equal to the maximum detected concentration.

a Ground-water samples were not collected from this PSC. The average and 95 percent
UCL lead concentrations detected in groundwater at PSC RW-02 (0.007 mg/L and
0.011 mg/L, respectively) were used as the exposure concentrations for groundwater.

Cgw Lead concentration in groundwater.
COC Constituent of potential concern.
Cs Lead concentration in soil.
mg/kg Milligrams per kilogram.
mg/L Milligrams per liter.
ug/dL Micrograms per deciliter.
PSC Potential source of contamination.
RME Reasonable maximum exposure.
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TABLE 3-58
BLOOD LEAD LEVELS FOR EXPOSURE TO SURFACE AND SUBSURFACE SOIL

Luke Air Force Base, Arizona

PSC

RW-02

LF-03

DP-13

DP-13
(0 to 6 ft bgs)
LF-25

LF-37

SD-38

Exposure
Scenario

average
RME
average
RME
average
RME
average
RME
average
RME
average
RME
average
RME

Lead
Surface and
Subsurface

Cs
(mg/kg)

56
91
180
340
700

1.800
1.200
3,300
290
770
70
160
54
120

Lead
Groundwater

Cgw
(mg/L)

0.007
0.011

a
a
a
a
a
a
a
a
a
a

0.003
0.003

Blood Lead Level
Geometric

Mean
(ug/dL)

2.3
3.0
3.5
5.1
7.6
14.5
11

21.4
4.4
8.3
2.5
3.6
2.0
2.6

Percent
Below

10 ug/dL

100
100
99
93
73
24
45
7.4
96
68
100
99
100
100

Blood lead levels were calculated using the USEPA model "LEAD 0.99d."
The default lead concentration for air (0.1 ug/m3) was used in determining blood lead levels. The
default lead concentration is higher than the mean concentrations detected in upwind or downwind
ambient air and approximately equal to the maximum detected concentration.
a Groundwater samples were not collected from this PSC. The average and 95 percent

UCL lead concentrations detected in groundwater at PSC RW-02 (0.007 mg/L and
0.011 mg/L, respectively) were used as the exposure concentrations for groundwater.

Cgw Lead concentration in groundwater.
Cs Lead concentration in soil.
mg/kg Milligrams per kilogram.
mg/L Milligrams per liter.
ug/dL Micrograms per deciliter.
PSC Potential source of contamination.
RME Reasonable maximum exposure.
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TABLE 3-59
BLOOD LEAD LEVELS FOR EXPOSURE TO GROUNDWATER

Luke Air Force Base, Arizona

PSC

RW-02

SD-20

SD-21**

Exposure
Scenario

average
RME
average
RME
average
RME

Lead
Groundwater

Cgw
(mg/L)

0.007
0.011
0.007
0.010
0.034
0.084

Lead
Surface

Cs*
(mg/kg)

22
36
21
27
23
33

Blood
Geometric

Mean
(pg/dL)

2.0
2.5
2.0
2.3
4.1
7.5

Lead Level
Percent
Below

10|jg/dL

100
100
100
100
97
75

Lead
Surface and Subsurface

Cs*
(mg/kg)

56
91
16
20
23
33

Blood
Geometric

Mean
(ug/dL)

2.3
3.0
2.0
2.2
4.1
7.5

Lead Level
Percent
Below

10ug/dL

100
100
100
100
97
75

Blood lead levels were calculated using the USEPA model "LEAD 0.99d." The default lead concentration for air (0.1 ug/m3) was used
in determining blood lead levels. The default lead concentration is higher than the mean concentrations detected in upwind or downwind
ambient air and approximately equal to the maximum detected concentration.

* For completeness, surface soil concentrations and combined surface and subsurface soil concentrations were used to calculate
the blood lead level at the PSCs where lead exceeded the residential Region IX PRG; however, the residential Region IX PRG
was not exceeded for soils at these PSCs, with the exception of RW-02.

** Concentration of lead in sediment; lead is a COC in surface water only and the sediment concentrations are higher than
soil concentrations. To be conservative, the lead concentration in sediment is used for the surficial and subsurface
soil concentration and the groundwater and surface water concentration were added together to provide
the groundwater concentration.

Cgw Lead concentration in groundwater.
Cs Lead concentration in soil.
mg/kg Milligrams per kilogram.
mg/L Milligrams per liter.
ug/dL Micrograms per deciliter.
PSC Potential source of contamination.
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Table 3-60
Chemical-Specific ARARj and TBCs for Soils and Groundwater

OU-1 Record of Decision, Luke Air Force Base, Arizona

Pagel ofl

coc

VOCs*
Benzene
Toluene
Ethylbenzene
Xylenes

PCBs

TRPH

Inorganics
Antimony and compounds
Antimony pentoxide
Antimony potassium tartrate
Antimony tetroxide
Antimony thoxide
Chromium, Total (1/6 ratio Cr VI
Chromium in
Chromium VI
Lead

SoilARARs
ADEQ

Pre-Determined
Residential SRL (mg/kg)

0.62
790

1,300
2,800

2.5

4100 [c]

31
38
69
31
31

2,100
77,000

30
400

ADEQ
Industrial SRL (mg/kg)

1.4
2,700
2,700
2,800

13

18000 [c]

680
850

1,500
680
680

4,500
1,000,000

64
2,000

Soil TBCs

USEPA Region K
Residential PRO (mg/kg)

0.63
790
230
320

0.066

110 [a]

31

30 [b]

400

Groundwater ARARs

Arizona Aquifer Water
Quality Standards (mg/L)

0.005
1

0.7
10

0.0005

NA

0.006

0.1

0.05

Ferderal Primary Maximum
Contamiant Level (mg/L)

0.005
1

0.7
10

0.0005

NA

0.006

O.I

TB

Notes:
* Benzene, toluene, ethylbenzene, and xylenes were not COCs in OU-1; however,
they are included in this table of ARARs and TBCs for completeness.
** - Chemical has limited mobility and GPL is equivalent to SRL or site-specific remediation standard.
[a] n-hexane is used as representative for TRPH.
[b] Value is for soil and is for hexavalent chromium.
[c] Value is for soil and for hydrocarbons C10 to C32

ARARs Applicable or Relevant and Appropriate Requirements.
TBC To-be-considered
COC Constituents of concern.
ADEQ Arizona Department of Environmental Quality.
mg/L milligrams per liter
NS No Standard
mg/kg Milligrams per kilogram.
USEPA United States Environmental Protection Agency.
PRG Preliminary Remediation Goal
SRL Soil Remediation Level
VOCs Volatile organic compounds.
PCBs Polychlorinated biphenyls.
TB Treatment Based Standard
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Table 3-61 Potential Chemical-Specific, Location-Specific, and Action-Specific Applicable or Relevant and Appropriate Requirements (ARARs) and To-Be-Considered (TBCs) Materials
for Soil and Groundwater, Luke Air Force Base.

Standard, Requirement, Criteria, Limitation

Chemical-Specific ARARs and TBCs
Arizona Soil Remediation Standards

Arizona Aquifer Water Quality Standards

SDWA National Primary Drinking Water Maximum
Contaminant Level

USEPA Region IX PRGs

Arizona Groundwater Protection Limits
(GPLs)

Action-Specific ARARs and TBCs
Federal Clean Air Act

Arizona Clean Air Act

Facility Discharge Permits

County Air Pollution Control

Citation

AAC R18-7-201 thru R18-7-209

AACR18-1 1-406

40CFRPartl41,SubpartB

RAGS part B, USEPA Soil Screening
Guidance

"A Screening method to Determine
Soil Concentrations Protective of
Groundwater Quality"

42 USC §7401

ARS§§ 49-401 thru 49-5 16

ARS § 49-480

ARS § 49-4717 et. seq. Maricopa
County Bureau of Air Pollution
Control Regulation II, Rule Numbers
200,210, 220, 320 and 330.

Description

Specifies remediation levels for soils.

The aquifer water quality standards apply to aquifers that are classified for
drinking water protected use. Soil cleanups most continue until there is no
longer a threat that contaminants in the soil will leach to the groundwater and
cause groundwater quality to be impacted above the AWQS at a point of
compliance.

Specifies Federal drinking water standards expressed as maximum
contaminant levels (MCLs)

Predetermined risk-based criteria used as screening tool to determine the
presence of pollutants, trigger investigation and initial cleanup goals.

Outlines soil cleanup standards that will adequately protect groundwater.

Established National Ambient Air Quality Standards (NAAQS) that may be
applicable to remedial activities which would result in "major sources" of
emissions: incineration.

State ambient air quality standards supersede the NAAQS. These standards
are anticipated to be applicable to activities which would result in
"major sources" of emissions.
Requires an installation permit to alter machinery which may cause or
contribute to air pollution or the use of which may eliminate or reduce
or control the emission of air pollutants.
Regulations which control air emissions of fugitive dust, volatile organic
compounds and gaseous contaminants.

Comments

Applicable for soil
remediation

Applicable for soil
and groundwater
remediation goals.

Requirements,
although generally
applicable, are
superseded by state
standards.
TBC, used to
determine if further
evaluation is
necessary.
TBC applicable for
petroleum
contaminated soils.

Requirements,
although generally
applicable, are
superseded by state
standards.
Implementation
shared with
Maricopa County.

Applicable for
excavation and
treatment
alternatives.
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Table 3-61 Potential Chemical-Specific, Location-Specific, and Action-Specific Applicable or Relevant and Appropriate Requirements (ARARs) and To-Be-Considered (TBCs) Materials
for Soil and Groundwater, Luke Air Force Base.

Standard, Requirement, Criteria, Limitation

Wells Permitting, Construction and Drilling
Standards

Occupational Safety and Health Act (OSHA)

RCRA Hazardous Waste and Arizona Hazardous
Waste Management Requirements

Hazardous Waste Transportation

Arizona Aquifer Protection Permits

Groundwater Rights and Permits

Solid Waste Management

Radioactive Waste Management

PCB Contaminated Soils

Citation

ARS§§ 45-591 thru 45-604 AAC
R12-15-801 thru 822

29CFR§1910 SARA
Sec. 126

40 CFR § 260, ARS §§ 49-901 thru
49-973

49CFRSubchapterC; 10
CFR §7, 10 CFR §20.2006

ARS §§ 49-241 thru 49-248

ARS §§45-5 12 thru 45-5 16

ARS §§49-701 thru 49-881

USAF guidelines

CFR 761 et. seq.

Description

Specify requirements for the permitting, drilling, construction and
abandonment of wells including monitoring, supply, and injection wells.

Requires that on-site workers engaged in hazardous waste operations
complete 40-hour health and safety training.

Apply to any impacted soil excavated or groundwater withdrawn for
treatment that contains hazardous waste

Transportation of contaminated media constituting a hazardous waste to
an off-site treatment or disposal facility is subject to federal and state

hazardous materials transportation requirements.
Requires a permit to discharge a pollutant either directly into an aquifer,
or to the land surface above the vadose zone in such a manner that there
is a potential for the pollutant to reach the aquifer.

Withdrawal of groundwater for remedial activities requires procurement
existing right or permit from ADW.

These state rules would apply to the disposal of contaminated solid waste
on-site or off-site that did not constitute a hazardous waste.

Guidance for disenterment and storage of buried wastes.

Specifies treatment and disposal technologies and criteria.

Comments

Applicable for
construction and
maintenance of
wells at the site.

Worker protection
standards that are
applicable to
workers on
CERCLA sites.

Sites at which
hazardous waste
would be handled

Applicable for land
treatment
alternatives.

Applicable for
groundwater
extraction
alternatives.
Applicable for solid
waste and TRPH
contaminated soils.
TBC for excavation
alternative at PSC
RW-02.

Applicable to soils
containing >50ppm
PCBs.

Location-Specific ARARs and TBCs
Luke AFB Civil Engineering Clearance

Luke AFB Operations Permit

Air Force Form 103 and Form 332

AETC Form 401

Requires a permit from the base civil engineering department to conduct
excavation
Requires permits to access runways, taxiways, aircraft

Applicable on-site

Applicable on-site
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Table 3-61 Potential Chemical-Specific, Location-Specific, and Action-Specific Applicable or Relevant and Appropriate Requirements (ARARs) and To-Be-Considered (TBCs) Materials
for Soil and Groundwater, Luke Air Force Base.

Standard, Requirement, Criteria, Limitation
Luke AFB Vehicle and Personnel Permits

Floodplain Management

Historical Landmarks and Archaeological Artifacts

Citation
General Air Force Instruction 13213;
Luke-specific instruction 24301
40 CFR § 6., Appendix A; ARS §§
48-3609

36 CFR § 6.30, ARS §§41-841 thru
41-847

storage/maintenance, and other controlled areas such as the flight line.

Description
Passes required for access to the base

Action must be taken to avoid adverse effects, minimize potential harm,
restore and preserve natural and beneficial value.

Governs archaeological and historical discovery and preservation in the
event that artifacts are uncovered

Comments
Applicable on-site

Only RW-02 is
within a designated
floodplain
State law applies to
state land and
agency actions.
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Table 3-63: Matrix Showing Chemical-Specific ARARs That Would Be Met and Action-, Location-Specific ARARs That Apply to Each of the Remedial Alternatives Evaluated In The OU-1 Feasibility study

PSC
IdSnUflcatlofi

LF-03

FT-07E

DP-13

LF-14

LF-2S

30-38

38-42

Remedial
Alternative

S-1 No Action

S-5 Excavation and Off-site Disposal

S-1 No Action
S-2 Imtttudoral Controls
S-7 Excavation, O«-«te ThemwtfChemical Treatment, and Disposal
S-8 Excavatkx),Ctvsite Thermal/Chemical Treatment, and Disposal

S-1 No Action
S-2 Institutional Controls
S-5 Excavation and Off-tite Disposal
S-7 Excavation, Off-site Thermal/Chemical Treatment, and Disposal
S-8 Excavation, On-site Thermal/Chemical Treatment, and Disposal
S-9 Excavation, On-site Biological Treatment, and Disposal
S-1 1 In-situ Soil Vapor Extraction
S-1 2 In-situ Aerobic Btodegradation

S-1 No Action
S-2 Instttutional Controls
S-5 Excavation and Off-site Disposal
S-7 Excavation, Ciff^te TherrnatfChemical Treatment, and Disposal
S-8 Excavation, On-site Thermal/Chemical Treatment, and Disposal

S-1 No Action
S3 Instttutional Controls
S-5 Excavation and Off-site Disposal
S-6 Excavation, off-site incineration, and Off-site Disposal
S-8 Excavation, On-site Thermal/Chemical Treatment, and Disposal
S-1 0 Excavation, On-stie Thermoplastic Solidification, and Reuse

S-1 No Action
S-2 Institutional Controls

S-7 Excavation, Off-site Thermal/Chemical Treatment, and Disposal
S-8 Excavation, On-site Thermal/Chemical Treatment, and Disposal

S-1 No Action
S-2 Institutional Controls
S-5 Excavation and Off-site Disposal
S-7 Excavation, Off-site Thermal/Chemical Treatment, and Disposal
S-8 Excavation, On îte TherrnaWChemieal Treatment, and Disposal
S-9 Excavation, On-site Biological Treatment, and Disposal

S-1 NO Action
S-3 Asphalt Cap and Institutional Controls
S-11 In-cttu Soil Vapor Extraction
S-1 2 In-situ Aerobic Bndegradation

AreCha
Implement

Site-Specific
Industrial

SRLs

MA
NA
MA

YES
YES
YES
YES

YES
YES
YES
YES
YES
YES
YES
YES

YES
YES
YES
YES
YES

YES
YES
YES
YES
YES
YES

NO
NO

YES
YES

YES
YES
YES
YES
YES
YES

YES
YES
YES
YES

nical Specific ARARs MM by

Stte-SpecMc
Residential

SRLs

NA
NA
NA

NO
NO

YES
YES

NO

YES
YES
YES
YES
YES
YES

NO
NO
YES
YES
YES

NO
NO
YES
YES
YES
T CO

NO
NO

YES
YES
YES

NO
NO
YES
YES
YES
YES

YES
YES
YES
YES

USEPA
MCLS

NA
NA
NA

YES
YES
YES
YES

YES

YES
YES
YES
YES
YES
YES

YES
YES
YES
YES
YES

YES
YES
YES
YES
YES
YES

YES
YES
YES
YES
YES

YES
YES
YES
YES
YES
YES

NO
YES
YES
YES

Arizona
AWQS

NA
NA
NA

YES
YES
YES
YES

YES

YES
YES
YES
YES
YES
YES

YES
YES
YES
YES
YES

YES
YES
YES
YES
YES
YES

YES
YES

YES
YES

YES
YES
YES
YES
YES
YES

NO
YES
YES
YES

Do Location Specific ARARs Apply
To This Remedial Alternative?

LukeAFB
Permits

X
X

.

X
X

-

X
X
X
X
X
X

X
X
X
X

_

X
X
X
X

X
X
X
X

.
X
X
X
X

X
X
X

Ftoodptah
Management

X
X
X

.

.
-

-

-
.
.
.
-

.

.

.
-

.
_
.
-

-
_

• .

.
_
.
.
-

.

.
•

Historical/
Archeol.
Artifacts

-

X

.

X
X

.

X
X
X
X
X
X

.
X
X
X

.

X
X
X
X

X
X
X

.
X
X
X
X

X
X
X

Do Action Specific ARARs Apply *> «Ws Remedial Alternative?

Federal
dean Air

Act

-

X

.

X
X

-

X
X
X
X
X
X

.

X
X
X

.

X
X
X
X

X
X
X

_

X
X
X
X

_

s X
\ X

Arizona
dean Air

Act

-

X

„

X
X

.

X
X
X
X
X
X

.

X
X
X

„

X
X
X
X

X
X
X

.
X
X
X
X

.

X
X

Facility
Discharge
Permits

-

X

.
X
X

-

X
X
X
X
X
X

.

X
X
X

.

X
X
X
X

X
X
X

,s

X
X
X
X

1

_

X
X

County Air
Pollution
Contrail

-

X

.
X
X

-

X
X
X
X
X
X

.
X
X
X

.
X
X
X

X
X

.
X
X
X
X

_
X
X

WeH
Install
Peiiiiits

-

-

.

.
-

-

_
-
.
-
X
X

.

.
-
•

.
-
.
-

-
_

-

.

.

.

.
-

.
-
X
X

OSHA
Standards

X
X
X

.

X
X

-

X
X
X
X
X
X

X
X
X
X

.
X
X
X

X
X
X
X

.
X
X
X
X

.
-
-

"

State/Federal
RCRA

Requirements

.

X

.

X
X

_

X
X
X
X
.
-

.

X
X
X

.
X
X
X

X
X
X

.
X
X
X
X

_

-
-

hazardous
Waste

Transport.

-

X

.

X
X

-

"
.
.
.
.
-

_
X
X
X

.
X
X
X

.
-

X
X

.
X
X
X
X

.
-
-
"

Aquifer
Protection

Permit

-

-

.
_
-

.

.

.
_
.
-
-

.

.

.
-

.

.

.
-

.
-

.

~

.

.
-
-
-
-

.
X
X
X

Groundwater
Withdraw

Rights

-

-

.

.
-

-

_
-
-
-
-
-

.

.
-
-

.
-
.
-

.
-

.

•

.
-
-
-
-
-

_
-
-

Solid
Waste

Management

-

X

.

.
X
X

-

X
X
X
X
-
-

.

.
X
X
X

.
X
X
X

.

X
X

.

.
X
X
X
X

.

-
-

Waste

X

X

.

.
-
-

-

_
-
-
-
-
-

.

.

.
-
"

.

.
-
-
•

_

•

.
-

.

.
-
-
-
~

_

-
-

"

TSD of
PCB-
Soils

-

-

.

.
-
-

-

.
-
-
-
-
-

.

.
-
-
-

.
X
X
X
X

_

-

.
-

.
-
-
-
- •-
-

.
-
-

"
NotMi

ARAR Applicable Relevant and Appropriate Requirement
PSC Potential Source of Contamination
SRL Soil Remediation Level
MCL Maximum Contaminant Level
S-11 BoM text denote* selected remedial alternative for each PSC

AWQS Aquifer Water Quality Standard

NA Not applicable tor PSC and/or remedial alternative under evaluation
X ARAR applicable for PSC and/or remedial alternative under evaluation

ARAR not applicable for PSC and/or remedial alternative under evaluation
PCS Polychlorinated bfphenyls
TSD Treatment, Storage or Disposal



Selected Remediation Alternative:

TABLE 3-64
Cost Summary for the Selected Remedy

PSC RW-02
Luke Air Force Base, Phoenix, Arizona

S-2 Institutional Controls

Alternative Components:

Fencing
Monitoring System Installation

Annual Monitoring ($/year)
Land Use Restriction

Contingencies
Project Management

Total
Project Duration
Present Worth*

Quantity Unit Unit Cost

80 If $ 36 $
20,000 LS $ 1 $

$
$
$
$
$

$

Capital Cost:

2,853
20,000

-
-

13,992
12,593
49,437

30
96,543

Annual
Operating
Cost:

$ 3,064

$ 3,064
year

Note: a sensitivity analysis was not done for this PSC. The volume of waste is based on documentation.
'Present worth values are based on 5% interest and no inflation or salvage value.
Modifications to Base Master Plan (BMP) imposing land use restrictions will be done in-house by Air Force environmental professionals

and legal counsel, whose costs are not included in the cost estimate.
If - linear foot
LS - Lump sum
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TABLE 3-65
Cost Summary for the Selected Alternative

PSC LF-03
Luke Air Force Base, Phoenix, Arizona

Selected Remediation Alternative: S-2 Institutional Controls

Alternative Components:______Quantity____Unit Unit Cost______Cost:_____
Land Use Restriction 1 LS $ - $

Total $ ~

Note:
Modifications to Base Master Plan (BMP) imposing land use restrictions will be done in-house by Air Force

environmental professionals and legal counsel, whose costs are not included in the cost estimate.
LS - Lump sum

G:\OU-1ROD\Final\Tables\61Slf03.xls Page 1



TABLE 3-66
Cost Summary for the Selected Alternative

PSC FT-07E
Luke Air Force Base, Phoenix, Arizona

Selected Remediation Alternative S-2 Institutional Controls

Alternative Components______Quantity____Unit Unit Cost______Cost:_____
Land Use Restriction 1 LS $ - $

Total $ ~

Note:
Modifications to Base Master Plan (BMP) imposing land use restrictions will be done in-house by Air Force

environmental professionals and legal counsel, whose costs are not included in the cost estimate.
LS - Lump sum

G:\OU-1 ROD\Final\Tables\62$ft07e.xls Page 1



TABLE 3-67
Cost Summary for the Selected Alternative

PSC DP-13
Luke Air Force Base, Phoenix, Arizona

Selected Remediation Alternative S-2 Institutional Controls

alternative Components_______Quantity____Unit Unit Cost______Cost:_____
Land Use Restriction 1 LS $ - $

Total $ ~

Note:
Modifications to Base Master Plan (BMP) imposing land use restrictions will be done in-house by Air Force

environmental professionals and legal counsel, whose costs are not included in the cost estimate.
LS - Lump sum
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TABLE 3-68
Cost Summary for the Selected Alternative

PSC LF-14
Luke Air Force Base, Phoenix, Arizona

Selected Remediation Alternative S-2 Institutional Controls

Alternative Components______Quantity____Unit Unit Cost______Cost:_____
Land Use Restrictions 1 LS $ - $

Total $ ~

Note:
Modifications to Base Master Plan (BMP) imposing land use restrictions will be done in-house by Air Force

environmental professionals and legal counsel, whose costs are not included in the cost estimate.
LS - Lump sum
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TABLE 3-69
Cost Summary for the Selected Alternative

PSC LF-25
Luke Air Force Base, Phoenix, Arizona

Selected Remediation Alternative: S-4

Alternative Components: Quantity
Institutional Controls 1

Excavation/Separation
Mob/Demob 1

Excavation /Separation 1 1 2,255

Sampling and Analysis
6000/7000 series metals (total) 20

6000/7000 series metals (TCLP) 20

Contingencies
Project Management

Total
Present Worth

Note:
LS - Lump sum

Institutional Controls and

Unit Unit Cost
LS $ 3,000.00 $

LS $ 5,000.00 $
Sq. Ft $ 0.21 $

$

•

each $ 145.00 $
each $ 235.00 $

$

$
$
$
$

Metals Recovery

Cost:
3,000

5,000
23,253
28,253

2,900
4,700
7,600

7,771
6,994

53,617
53,617

Minimum Cost Maximum
$ 3,000 $

$ 7,341 $

$ 765 $

$ 2,068 $

$ 1,861 $
$ 15,326 $
$ 15,326 $

Cost
3,000

508,368

164,522

102,274

92,046

932,729
932,729
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TABLE 3-70
Cost Summary for the Selected Alternative

PSC SD-38
Luke Air Force Base, Phoenix, Arizona

Selected Remediation Alternative S-2 Institutional Controls

Alternative Components______Quantity____Unit Unit Cost______Cost:_____
Land Use Restrictions 1 LS $ - $

Total $ ~

Note:
Modifications to Base Master Plan (BMP) imposing land use restrictions will be done in-house by Air Force

environmental professionals and legal counsel, whose costs are not included in the cost estimate.
LS - Lump sum
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TABLE 3-71
Cost Summary for the Selected Alternative

PSC SS-42
Luke Air Force Base, Phoenix, Arizona

Selected Remediation Alternative: S-1 1 In-Sttu Soil Vapor Extraction

Alternative Components: Quantity Unit Unit Cost
Well Installation

y PVC Schedule 40. well casing
2' PVC Schedule 40, well screen
Mud drilling, 6m diameter borehole

System Installation
0 SCFM Vapor Extraction Blower/Controls

Knockout drum
Install/assemble rental blower

4' PVC schedule 40 piping manifold
Catalytic Oxkflzer

Treatment (5 years)

Sampling and Analysis (5 years)

System Dissembly
Well abandonment and System breakdown

Hollow-stem auger. 8" o.d. tor 2" well

Groundwater Monitoring (5 years)

Contingencies
Project Management

Total
Present Worth

50 LF 6 $
50 LF 12 $

300 LF 24 $
S

$
1 LS 6,000 S
1 LS 53 $
4 day 400 $

30 LF 8 $
1 LS 60,000 $

$

5 year 8,880 S

5 year 24,938 $

1 LS 3,429 $
350 LF 26 $

S

5 years 20,133 $

$
$
$
$

Coat:

293
579

7,107
10,610

67,896
6.000

53
1,600

243
60,000
67,896

38,446

107,968

3,429
9,211

12,639

87,165

64,945
58,450

448,120
448,120

Minimum Cott

$

$

$

S

$

S

$

$
$
$
S

10,610

67,896

67,898

38,446

86.375

12.639

83.702

59.933
53.940

413.M1

413.641

Maximum Cost

$

S

S

S

$

$

$

S
$
$
$

10,610

67.898

67,896

38,446

129.562

12.639

90.629

69,956
62,981

482,«9»
4(2,1*4

Note:
'Present worth values are based on 5% interest and no inflation or salvage value.
LF-linear foot
LS - Lump sum
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APPENDIX A

LOCATION OF INFORMATION REPOSITORIES



LOCATIONS OF INFORMATION REPOSTIORIES

The information repositories listed below have been chosen for their proximity and accessibility to
the affected publics, hours of operation, and facilities for the handicapped.

The Glendale Public Library Hours:
5959 West Brown Avenue Monday - Thursday 9 a.m. to 9 p.m.
Glendale, AZ 85302 Friday and Saturday 9 a.m. to 5 p.m.
Telephone: (602)435-4900

Luke AFB Library Hours:
Building 700 Monday - Thursday 9 a.m. to 8 p.m.
Luke AFB, AZ 85309 Friday 9 a.m. to 5 p.m.
Telephone: (602) 856-7191 Saturday and Sunday 11 a.m. to 2 p.m.

Peoria Public Library Hours:
8463 West Monroe Avenue Monday - Wednesday 10 a.m. to 9 p.m.
Peoria, AZ 85340 Thursday - Saturday 10a.m. to 6p.m.
Telephone: (602) 412-7556 Sunday 1 p.m. to 5 p.m.



APPENDIX B

CONSENSUS STATEMENT AMONG THE LUKE AFB NPL FEDERAL FACILITY
AGREEMENT PROJECT MANAGERS



70363817

CONSENSUS STATEMENT AMONG THE LUKE AIR FORCE BASE
NPL FFJOAL KACUJTY AGREEMENT PROJECT MANAGERS

Pursuant lo the Luke Air Force Base National Priorities List (NPL) Federal Facility Agreement
(FPA) under CERCU Section 120. (EPA Administrative Docket Number 90-20). the Project managers
agree no further remedial investigations are needed at the following Areas of Concern (AOC). 1) OT-l
Old Incinerator Site: 2) OT-08 F-15 Burial Site: OT-09 Canberra Burial Site: and OT-10 which is a
subset of and wholly contained in DP-13 Outboard Runway Landfill. This will formalizes the intent of
Ihe Project managers as indicated in the Project Manager Meeting Minutes of July 24. 1990 and August
21. 1990.

The Project managers also agree no further remedial investigations are needed at the
following Areas of Concern: 0 SS-15 Facility 328 Spill Site: 2) SS-16 Facility 321 USTs Slorage: 3)
ST-19 BX Leaking USTs; and 4) DP-24 Base Ammo Storage Area. This formalizes the intent of the Ait-
Force, a* slated in the Project Manager Meeting Minutes of October 11.1990. to remove SS-15. SS-IG.
and ST-19 from Ihe NPL process and place them under the jurisdiction of the Slats of Arizona
Underground Storage Tank Program for any and all remedial activities. In addition. DP-24 was
identified as a clerical error that occurred in the compilation of the list of PSC's. It is agreed to
strike DP-24 from Attachment A Section A of the FFA and included OP-24 in Attachment A Section.0
of the FFA.

11 is further agreed that the findings to support no further investigations will be documented
in the appropriate remedial investigation report and noted in the applicable Operable Unil Record of
Decision (ROD).

In addition to the above agreement, the Project managers concur to strike PSC's SS-11
Former Outside Transformer Storage and SO-21 Sewage Treatment Plant Effluent Canal from
Attachment A Section B of the FPA and Included SS-11 and SD-21 in Attachment A Section A of the
FFA. These two PSC's are continuing lo be investigated under the NPL program. The amendments will
ensure consistence between the PFA and documents in the Administrative Record Tile.

The signatures of Ihe Project Managers below shall constitute approval of this Consensus
Statement This Consensus Slatement may bo executed and delivered in any number of counterparts,
each of which when execute<Und delivered shall b« deemed to b« an original, but such counterparts
shall together constitute ous and Uie same document.

J&FttMROCX
UkeAFQ

ff-n-13
EPA. Region IX

TIM STIELE
AZ Dept of Environmental Quality

DAVID ANNS
AZ Oept of Water Resources



APPENDIX C

NOTICE OF VOLUNTARY ENVIRONMENTAL MITIGATION USE RESTRICTION



When recorded, mail to:

NOTICE OF VOLUNTARY ENVIRONMENTAL MITIGATION
USE RESTRICTION BY OWNER(S)

Pursuant to A.R.S.§49-152(B), the owner(s)
_______________________________________of the following described property:

(Please Print)

(insert legal description of entire parcel)

has (have) remediated a portion of the above-described property, which remediated portion is described as
follows:

(insert legal description of remediated portion, the source of the release, and the remaining contaminants)

The date when the remediation was completed is:________________________________

The undersigned owner voluntarily agrees to limit and restrict the use of the remediated portion of the
property to non-residential uses, as defined in A.R.S. §49-151(A).

No property rights, including, in particular, any restrictive covenants, are being created in favor of or behalf of the
state or any other party, by filing of the voluntary environmental mitigation use restriction (VEMUR) notice.

Any formal restrictive covenants which may be necessary due to the property transfer will be filed separately, with
the federal government as the owner of the dominant estate.

The state's approval of the VEMUR notice is to verify the propriety of the format of the notification, and the
accuracy of the assertion that the cleanup conducted is protective for non-residential use.

Approved: _________________________
Signature of owner(s)

(ADEQ official) Signature of owner(s)

STATE OF ARIZONA STATE OF ARIZONA

County of ____________ County of _________

This instrument was acknowledged before me this This instrument was acknowledged before me this
_____ day of _________, __ _____ day of _________, ____
by_________________ by ___________________________

Notary Public Notary Public

My commission expires: ______ My commission expires:

Please make no marks below this line



When recorded, mail to:

CANCELLATION OF VOLUNTARY ENVIRONMENTAL MITIGATION
USE RESTRICTION BY OWNER(S)

Pursuant to A.R.S. §49-152(8), the owner(s)
______________________________________ of the following described property:

(Please Print)

(insert legal description of entire parcel)

recorded a Notice of Voluntary Mitigation Use Restriction By Owner(s) in the Office of the County Recorder
of _________ County, Arizona on the ____ day of ______, ___ in Document/Docket _____
at Page ____, affecting the following portion of the above-described property:

(insert legal description of remediated portion)

The undersigned owner(s) has (have) remediated the above-described portion of the property pursuant to the
levels prescribed in A.R.S. §49-152(C). Accordingly the above-described property may now be used for any
lawful purpose. The date when the remediation was completed is:

Signature of owner(s) Signature of owner(s)

Pursuant to A.R.S. §49-152(C), the undersigned hereby cancel(s) the above-described notice and declare(s)
said notice to be of no further force and effect as of this ______ day of ______, ____

The state's approval of the Cancellation of VEMUR notice is to verify the propriety of the format of the
notification, and the accuracy of the assertion that the cleanup conducted is protective for residential uses.

(ADEQ official)

STATE OF ARIZONA STATE OF ARIZONA

County of ______________ County of _______

This instrument was acknowledged before me this This instrument was acknowledged before me this
_____ day of ___________,____ ______ day of ___________, ____

by ________________________ by

Notary Public Notary Public

My commission expires: ____________ My commission expires: ____

Please make no marks below this line



APPENDIX D

AIR FORCE FORM 332



BASE CIVIL ENGINEER WORK REQUEST
(See Reverse for Instructions!

Form Approved
0MB No. 0704-0188

ngntn in. wercrmg orating dill sources, gathering and manuring tha data needed, and completing and rtvuwng thaPubic reporting bunion lor thn cotjction ol Mormation u estimated to average .3 hours per repent, induing In tan tor . . _ _ _ . ..
coeectm of nfometion. Send comments raganing tin burdan animata or any other aspect of tin cotecwn ol Mormation, induing suggestions for reducing His burden lo the Department of Defenst, Washington Headquarters Saram, Directorate for
bilomnon Operation end Reports. 1215 JtHerson Don rgghwoy. Suite 1204. Arington. V* 22202-4302. and to the Mike ol Management end Budget Paperwork Raduction Project 07044188. Wethinglcn OC 20503. Please 00 NOT RETURN your lorn to
either ol thn addresses. Send your completed Ion* to HO AFESUDEMG.

SECTION I • TO BE COMPLETED BY REQUESTER
1. FROM lOrrjtraationI 2. OFFICE SYMBOL 3. DATE OF REQUEST 4. WORK REQUEST NO. IForBCE Use)

5. NAME AND PHONE NO. OF REQUESTER 6. REQUIRED COMPLETION DATE 7. BUILDING. FACILITY OR STREET ADDRESS WHERE WORK IS
TO BE ACCOMPLISHED
1132

8. DESCRIPTION OF WORK TO BE ACCOMPLISHED (Include Sketch or Mm. when appropriate/

9. BRIEF JUSTIFICATION FOR WORK TO BE ACCOMPLISHED (Not required for maintenance trxl retuirl

10. DONATED RESOURCES NONE

FUNDS LABOR MATERIAL CONTRACT BY REQUESTER X NONE

11. NAME OF REQUESTER 12. GRADE OF REQUESTER 13. SIGNATURE OF REQUESTER (See Reverse of Form}

14. COORDINATION

SECTION II • FOR BASE CIVIL ENGINEER USE
15. WORK ORDER (Place in T in the appropriate box.l

IN-SERVICE SELF-HELP CONTRACT SABER

16. DIRECT SCHEDULED WORK (Place an '1Cin the appropriate box.l

EMERGENCY URGENT ROUTINE SELF-HELP MfC

17. SELF-HELP (Place an Tin the appropriate box.l

BRIEFING REQUIRED ADEQUATE COORDINATION INSPECTION REQUIRED

SECTION III • COMPLETE ONLY IF WORK IS TO BE ACCOMPLISHED BY WORK ORDER
18. WORK CLASS 19. PRIORITY 20. ESTIMATED HOURS 21. ESTIMATED FUNDED COST 22. ESTIMATED TOTAL COST

23.
THERE IS NO NEED FOR AN ENVIRONMENTAL ASSESSMENT
(AFR 19-2)

24.
A WRITTEN ASSESSMENT IS BEING/HAS
BEEN PROCESSED

25.
APPROVED

26.
DISAPPROVED

27. REMARKS

SECTION IV • APPROVING AUTHORITY
28. NAME AND GRADE (Please Type or Print! 29. SIGNATURE 30. DATE

AF FORM 332. JAN 91IEF-V1) OWORMPKOI PREVIOUS EDITION IS OBSOLETE. CUSTOMER'S COPY



BASE CIVIL ENGINEER WORK REQUEST
(See Reverse for Instructions!

Form Approved
0MB No. 0704-0188

Pubk raponng burdan for tin rotation of information a aitimatad to avaraga .3 hours par rasponsa, najdng th> tin for ranawing mstnjctnra, sanding anting dsta sourcat, gaUiahng and manUHWig the data naadad, and comparting and rmawmg tha
cattctui of information. Sand rammanu regirdng this burdan astimau or any olhar aipact of tru cohction of hformation, incUing auggastions for raducing this burdan to tha Departmanl ol Oafama, Washington Hndquartars Sanicas, Oiractorata for
Information Oparalionl and Rapurts, 1215 Joffarson Oavis Higlway. Suite 1204. Arlngton. VA 22202-430Z and to Ini 01 He. ol Managarant and Budoat. Paparworl Riduction Projact 0704-0188. Washington DC 20603 Phase DO NOT RETURN your form u
•thar ol lhasa addranas. Sara) your conptoad form to HO AFESC/DEMG.

SECTION I • TO BE COMPLETED BY REQUESTER
1. FROM (Organization! 2. OFFICE SYMBOL 3. DATE OF REQUEST 4. WORK REQUEST NO. (For BCEUse)

5. NAME AND PHONE NO. OF REQUESTER 6. REQUIRED COMPLETION DATE 7. BUILDING, FACILITY OR STREET ADDRESS WHERE WORK IS
TO BE ACCOMPLISHED
1132

8. DESCRIPTION OF WORK TO BE ACCOMPLISHED (Include Sketch or Plan, when appropriate!

9. BRIEF JUSTIFICATION FOR WORK TO BE ACCOMPLISHED (Not required for maintenance and repair!

10. DONATED RESOURCES NONE

FUNDS LABOR MATERIAL CONTRACT BY REQUESTER X NONE

11. NAME OF REQUESTER 12. GRADE OF REQUESTER 13. SIGNATURE OF REQUESTER (See Reverse of Form)

14. COORDINATION

SECTION II • FOR BASE CIVIL ENGINEER USE
15. WORK ORDER (Place an T in the appropriate box.!

IN-SERVICE SELF-HELP CONTRACT SABER

16. DIRECT SCHEDULED WORK (Place an Tm the appropriate box.)

EMERGENCY URGENT ROUTINE SELF-HELP M/C

17. SELF-HELP (Pltct an 'X' in the appropriate box.!

BRIEFING REQUIRED ADEQUATE COORDINATION INSPECTION REQUIRED

SECTION III • COMPLETE ONLY IF WORK IS TO BE ACCOMPLISHED BY WORK ORDER
18. WORK CLASS 19. PRIORITY 20. ESTIMATED HOURS 21. ESTIMATED FUNDED COST 22. ESTIMATED TOTAL COST

23.
THERE IS NO NEED FOR AN ENVIRONMENTAL ASSESSMENT
(AFR 19-2)

24.
A WRITTEN ASSESSMENT IS BEING/HAS
BEEN PROCESSED

25.
APPROVED

26.
DISAPPROVED

27. REMARKS

SECTION IV • APPROVING AUTHORITY
28. NAME AND GRADE [Please Type or Print) 29. SIGNATURE 30. DATE

AF FORM 332, JAN 91 (EF-V1) PREVIOUS EDITION IS OBSOLETE. STATUS COPY



BASE CIVIL ENGINEER WORK REQUEST
/See Reverse for Instructions!

Form Approved
0MB No. 0704-0188

Pubic reporting burian for tha cohclicn of MoflMtnn n MOmitid to avaragi .3 hours ptr mponit. induing tht om« for miiwing irutructioro. lamling noting diu nurm. gatharing and aantaning thl diu nauM and comparing and miming U»
coUcoon of nlormUMn. Sand conmanu nganfng Mi fauroan utiiMti or my oUnr Bpect of llu coltcoon ol information, including uggastiom for raducing tlii burden to tha Dapartinant of Difnta. Washington Haadquanan Samoa, DiractaraU lor
Morration OpmtimanlRaporu, 1215 Jllfanm Dam Higr»ny,Suiti12rj4.AringunVA222K PhaM DO HOT RETURN your lorn to
•thar ol thua addratm. Sand your compMad lorn to HO AFESUDEMG.

SECTION I - TO BE COMPLETED BY REQUESTER
rmM(Org»nir»tioa) 2. OFFICE SYMBOL 3. DATE OF REQUEST 4. WORK REQUEST NO. IForBCE Use)

5. NAME AND PHONE NO. OF REQUESTER 6. REQUIRED COMPLETION DATE 7. BUILDING, FACILITY OR STREET ADDRESS WHERE WORK IS
TO BE ACCOMPLISHED
1132

8. DESCRIPTION OF WORK TO BE ACCOMPLISHED (Include Sketch or Pltn. when appropriate)

9. BRIEF JUSTIFICATION FOR WORK TO BE ACCOMPLISHED (Not required for maintenance and repair)

10. DONATED RESOURCES NONE

FUNDS LABOR MATERIAL CONTRACT BY REQUESTER NONE

11. NAME OF REQUESTER 12. GRADE OF REQUESTER 13. SIGNATURE OF REQUESTER (See Htterse of Form)

14. COORDINATION

SECTION II • FOR BASE CIVIL ENGINEER USE
15. WORK ORDER (Place an Tin the appropriate box.)

IN-SERVICE SELF-HELP CONTRACT SABER

16. DIRECT SCHEDULED WORK (Place an 'Xm in the appropriate box.)

EMERGENCY URGENT ROUTINE SELF-HELP MfC

17. SELF-HELP IPbce»n Via the appropriate box.)

BRIEFING REQUIRED ADEQUATE COORDINATION INSPECTION REQUIRED

SECTION III • COMPLETE ONLY IF WORK IS TO BE ACCOMPLISHED BY WORK ORDER
18. WORK CLASS 19. PRIORITY 20. ESTIMATED HOURS 21. ESTIMATED FUNDED COST 22. ESTIMATED TOTAL COST

23.
THERE IS NO NEED FOR AN ENVIRONMENTAL ASSESSMENT
(AFR 19-2)

24.
A WRITTEN ASSESSMENT IS BEING/HAS
BEEN PROCESSED

25.
APPROVED

26.
DISAPPROVED

27. REMARKS

SECTION IV • APPROVING AUTHORITY
28. NAME AND GRADE (Please Type or Print) 29. SIGNATURE 30. DATE

AF FORM 332. JAN 91IEF-V1) PREVIOUS EDITION IS OBSOLETE. SUSPENSE COPY



BASE CIVIL ENGINEER WORK REQUEST
(See Reverse for Instructions)

Form Approved
0MB No. 0704-0188

Pittc npoftmg buntan for thi cohcum of mfomntion s Mimitid to nmgo .3 tan p« wpm induing the tim lor rmwng intructiont. mrding usting dill nurCB. gUMng ml mntm<e It* diti imdad. nl cooiplMng nl miming 0*
cohction of Mormotion. Snl comnnu ngmfng tin Ixrtm Btirute or my ettm «pKt of tin whctm of M«iMm induing uggatnra for raduring Un bunfen to thi Onttment of Dtfmi. Wnhngton HudquirUri SmicB. Diractonti lor
MonMtan Opmtion nl Rtporu. 1216 Jtffnon Dnii rtghmy. Sun 1204. Arfngtm. VA 22202-4302. nl to Iho Offo ot Mmgnwt nl Budglt, P«»wort R«kcux ProJEt 0704OIM. Wulington DC 20503. PhmOO NOT RETURN your form u
•UvofthniddniMS. S«J your nnptoud form U HO AFtSC/OEMO.

SECTION I - TO BE COMPLETED BY REQUESTER
1. FROM (Qrguttutiw) 2. OFFICE SYMBOL 3. DATE OF REQUEST 4. WORK REQUEST NO. (ForBCEUse)

5. NAME AND PHONE NO. OF REQUESTER 6. REQUIRED COMPLETION DATE 7. BUILDING, FACILITY OR STREET ADDRESS WHERE WORK IS
TO BE ACCOMPLISHED
1132

8. DESCRIPTION OF WORK TO BE ACCOMPLISHED /Include Sketch or Phi when tpproprate/

9. BRIEF JUSTIFICATION FOR WORK TO BE ACCOMPLISHED (Not required for miintensnce ind repair!

10. DONATED RESOURCES NONE

FUNDS LABOR MATERIAL CONTRACT BY REQUESTER X NONE

11. NAME OF REQUESTER 12. GRADE OF REQUESTER 13. SIGNATURE OF REQUESTER(SeeRweneof Form)

14. COORDINATION

SECTION II FOR BASE CIVIL ENGINEER USE
IS. WORK ORDER (Place m'X'JnrJie tppropmte box.)

IN-SERVICE SELF-HELP CONTRACT SABER

16. DIRECT SCHEDULED WORK (Pltce in Tin the appropriate box.)

EMERGENCY URGENT ROUTINE SELF-HELP MfC

17. SELF-HELP (Pltce in Win the appropriate box.)

BRIEFING REQUIRED ADEQUATE COORDINATION INSPECTION REQUIRED

SECTION III • COMPLETE ONLY IF WORK IS TO BE ACCOMPLISHED BY WORK ORDER
18. WORK CLASS 19. PRIORITY 20. ESTIMATED HOURS 21. ESTIMATED FUNDED COST 22. ESTIMATED TOTAL COST

23.
THERE IS NO NEED FOR AN ENVIRONMENTAL ASSESSMENT
(AFR 19-2)

24.
A WRITTEN ASSESSMENT IS BEING/HAS
BEEN PROCESSED

25.
APPROVED

26.
DISAPPROVED

27. REMARKS

SECTION IV • APPROVING AUTHORITY
28. NAME AND GRADE (Please Type or Print/ 29. SIGNATURE 30. DATE

AF FORM 332. JAN 91 (EF-V1) PREVIOUS EDITION IS OBSOLETE. MASTER FILE COPY



INSTRUCTIONS FOR COMPLETING AF FORM 332

/. TheAF Form 332 set consists of a Master FUe Copy, a Suspense Copy, a Status Copy, and a Customer's Copy. Retain the Status Copy for your organizational
files.

2. All requirements for a single facility may be included on the same AF Form 332.

3. The requester completes the following items on the AF Form 332. If there is any question, contact the Civil Engineering Customer Service Unit or the Self-Help
Center for assistance:

Item

1. Enter the organization assignment of requester.

2. Enter the organization office symbol of requester.

3. Self-explanatory.

4. For internal BCE use only.

5. Self-explanatory.

6. Enter the date that requested work should be completed. If the proposed work is new work, modification or minor construction, the required

7. Enter the number of the building or facility on which the work is requested.

8. Enter a clear and concise description of the desired work, supported by sketches, plans, diagrams, specifications, photographs, and any other data or
information that provide a complete description of the location and scope of work requested.

Complete only if the work requested is new work, modification, or minor construction. The justification should be factual and indicate the urgency of
9. the request. List any related projects and impact if delayed (item 6). It should be written so reviewers and approving authorities can understand it

though they may not have access to any referenced documents/directives.

Indicate the resources that the requester/requesting organization proposes to donate/furnish. Include any details known (amount, quantities,
contract/contractor, etc.) on the resources in item 8.

10.
If the requested work is new work, modification, or minor construction, the organization's commander should sign the request. Otherwise, the
signature of the building manager or requester suffices. This signature indicates the work is essential and not prohibited by any directives the

11 requester is aware of.
thru
13. When coordination of another agency/section is needed (medical, safety, security, fire protection, etc.}, the requester can expedite processing of this

form by obtaining the coordination prior to its submfttal. If the requester/requesting organization is a contractor or proposes to donate contract
14. resources, this form requires the coordination of the appropriate base contracting office. This coordination indicates that proposed work to be done

is within the provisions of the existing contract, or the proposed contracting is appropriate. If the work is to be accomplished by self-help, the form
is then routed to the Self-Help Center after coordination is complete.

For Base Civil Engineer Use.

15
thru
30.

AF Form 332. JAN 91 (EF-V1) (REVERSE!



APPENDIX E

AIR FORCE FORM 103



BASE CIVIL ENGINEERING WORK CLEARANCE REQUEST
DATE PREPARED

r Clearance is requested to proceed with work at __________________
on Work Order/Job No. ___________. Contract No. ___________

attached sketch. The area involved D Has D Has not been staked or clearly marked.
., involving excavation or utility disturbance per

TYPE OF FACILITY/WORK INVOLVED

A. PAVEMENTS
. DRAINAGE

SYSTEMS
C. RAILROAD

TRACKS

D. FIRE DETECTION
AND PROTEC-
TION SYSTEMS

E. UTILITY

D OVERHEAD
O UNDERGROUND

f. COMM.

O OVERHEAD

O UNDERGROUND

G. AIRCRAFT OR
VEHICULAR
TRAFFIC FLOW

I. OTHER (SptClfy)
H. SECURITY

INSTRUCTIONS: The 6CE work clearance request Is used for any work (contract or In house) that may disrupt aircraft or vehicular traffic flow, base
utility services, protection provided by fire and intrusion alarm system, or routine activities of the installation. This form is used to coordinate the

. required work with key base activities and keep customer inconvenience to a minimum. It is also used to identify potentially hazardous work conditions
in an attempt to prevent accidents. The work clearance request is processed just prior to the start of work. If delays are encountered and the conditions
at the job site change (or may have changed) this work clearance request must be reprocessed.

. DATE CLEARANCE REQUIRED 3. DATE CLEARANCE TERMINATED

REQUESTING OFFICIAL (Signature) 7. PHONE NO. a. ORGANIZATION

CLEARANCE REVIEW

i.

3

~2
5
7

a

—

ORGANIZATION

A. ELECTRICAL DISTRIBUTION

•. STEAM DISTRIBUTION

C. WATER DISTRIBUTION

D. POL DISTRIBUTION

C. SEWER LINES

F. DRAINAGE SYSTEMS

PAVEMENTS. GROUNDS.
' RAILROADS

H. FIRE DEPARTMENT

ENGINEERING ft ENVIRON-
' MENTAL PLANNING

J. CATHODIC PROTECTION

K. OTHER

». SECURITY POLICE

SAFETY

2. COMMUNICATIONS

_ BASE OPERATIONS

COMMERCIAL UTILITY COMPANY
I T*l*pkon*. Gat. Electrical, ttc.)

"T. OTHER (Sptcify)

REMARKS

#

REVIEWER'S NAME AND INITIALS

- FORM
—— JUL 12

PREVIOUS EDITION WILL BE USED.



APPENDIX F

PRE-ROD SIGNIFICANT CHANGES



PRE-ROD SIGNIFICANT CHANGES

After the public comment period ends, a final remedial alternative is selected for adoption in the ROD.

The remedy is selected based on the analysis of comments provided by the public and support agencies on the
Proposed Plan and the RI/FS reports, as well as any other new and significant information received or

generated. The lead agency may re-evaluate the preferred alternative in light of this information and may
change a component of the preferred remedy or choose to implement a remedy other than the preferred
alternative.

If a change is made, according to CERCLA section 117(b), the lead agency must determine whether
the modifications are "significant." When a lead agency makes a significant change, these changes must be
explained in the ROD. This appendix presents an explanation of the significant changes between the proposed
and final remedial alternatives selected for implementation at OU-1 of Luke AFB. This appendix presents the
general framework used for categorizing significant changes made to the proposed alternatives after they were
issued for public comment. Documentation and notification activities that are required to communicate these
changes are also specified. Finally, a detailed explanation and summary of the changes are presented.

CATEGORIES OF SIGNIFICANT CHANGE

According to USEPA guidance (USEPA, 1989a), modifying a selected alternative or changing from
the preferred alternative to another alternative are examples of significant changes. Once it has been
determined that a significant change is necessary, the lead agency should decide whether the change warrants
only documentation in the ROD or additional public comment. To make this assessment, the lead agency

decides which of two categories the significant change belongs: (1) changes that are a logical outgrowth of the
information and analysis already presented to the public; or (2) changes that the public could not have
reasonably anticipated, based on information available during the public comment period. If the lead agency
determines that the significant changes are a logical outgrowth, the changes should be documented in the ROD
Decision Summary. In those limited situations in which the public could not have reasonably anticipated the
changes, the lead agency should issue a revised Proposed Plan for public comment.



Significant Changes that are Considered Logical Outgrowths of Information Available to the Public

In analyzing significant changes, three broad scenarios of changes are likely to be classified as logical
outgrowths of the information on which the public had the opportunity to comment. The significant changes
in each of these scenarios would only have to be explained in the ROD; additional public comment is not
necessary. The three scenarios are as follows:

(1) A Change to a Component of the Selected Alternative. The lead agency may make a change

to a component of the selected remedy (e.g., a change in cost, timing, level of performance, or ARARs) that
may result in a significant alteration to the scope, performance, or cost of the remedy, while the overall waste
management approach represented by the alternative remains the same. If the significant change to a
component of the alternative could have been reasonably anticipated by the public, taking into consideration
inherent uncertainties associated with the waste management/engineering process, the lead agency need only

document the significant change in the ROD Decision Summary.

(2) Selection of a Remedy Other that the one Selected in the Proposed Plan. The lead agency may

determine, based on information received during the comment period that the preferred alternative in the
Proposed Plan no longer provides the most appropriate balance of tradeoffs among the alternatives with respect
to the evaluation criteria. Information available to the lead agency may suggest that another alternative from

the Proposed Plan provides the best balance of tradeoffs, and the lead agency may select the other alternative.
Such a change requires only documentation in the ROD because the public has been apprised previously that
another alternative might be selected as the remedy; thus, the public had adequate opportunity to review and
comment on it.

(3) Combining Components of Alternatives. In some instances, Proposed Plans may recommend

two or more alternatives (or a combination of alternatives) for addressing different pathways at a site. For
example, two alternatives could be developed for a site, one to address contaminated soils and another to
remediate the groundwater. If the lead agency chooses to retain the preferred alternative for the groundwater,
but rejects the preferred soil remediation alternative and chooses a different alternative form among those
presented in the Proposed Plan, the new selection would be considered a logical outgrowth of the information
on which the public already had the opportunity comment. In this instance, a new comment period would not
be required. The change, however, must be documenting within the ROD Decision Summary along with the

reasons for the change.



Significant Changes that are not Considered Logical Outgrowths of Information Available to the Public

Changes that are not logical outgrowths of the information presented in the Proposed Plan should be
documented by the lead agency in a revised Proposed Plan and a new public comment period should be held.

When issuing a revised Proposed Plan to document a significant change that was not a logical outgrowth, the

revised document should be prepared in accordance with the requirements of bother CERCLA section 117 and

the NCP. Two changes that require additional public comment are listed below.

(1) Selection of a New Alternative that was Not Previously Analyzed. The lead agency may
determine that an alternative that was not presented in the Proposed Plan or detailed analysis phase of the FS

report should be selected as the remedy. In this case, the public could not have reasonably anticipated the lead

agency making such a selection; therefore, the lead agency should issue a revised Proposed Plan presenting
the new preferred alternative and provide appropriate supporting information for public comment.

(2) Significant Change to a Component of the Selected Alternative. A change to a component of
the selected alternative requires additional public comment if making the change will radically alter the overall
remedy with regards to its scope, performance, or cost in a manner that the public could not have reasonably
anticipated. Such changes could radically alter the volume of waste managed or the physical scope of action,
as estimated in the Proposed Plan.

SIGNIFICANT CHANGES TO THE SELECTED ALTERNATIVES FOR OU-1 AT LUKE AFB

Remedial Alternative S-4 (institutional controls and ex-situ physical treatment/metals recovery) was
selected for implementation at PSC LF-25. Remedial Alternative S-4 (as presented in this ROD) differs
slightly from the version presented in the OU-1 FS and OU-1 Proposed Plan. There are two main differences

between this version and the previous one. First, as a protective measure, Remedial Alternative S-4 now
requires that a shot recovery process be performed prior to the closure of the skeet range. Secondly, procedures
which restrict future land uses of the site to non-residential purposes will now be implemented as part of
Remedial Alternative S-4.

Originally, Remedial Alternative S-4 called for the establishment of institutional controls prior to
conducting the shot recovery process. Following closure of the skeet range (at an undetermined point in the
future), a shot recovery process would be conducted to clean the site to conditions acceptable for unrestricted
land use. Because the site would meet residential standards at that time and the source of the impact would
no longer be present, a land use restriction would not be required. Additionally, the previously imposed
institutional controls would no longer be needed after the site cleanup.



Remedial Alternative S-4 now calls for conducting the shot recovery process prior to the closure of
the skeet range. This is a highly protective measure designed to immediately minimize any potential threat to
human health that could result from exposure to the accumulated metals. Because the skeet range will remain
open and will continue to impact the site in the future, Remedial Alternative S-4 now requires implementation

of institutional controls after the cleanup process is complete. Although the extent and magnitude of the

potential future impact can not be defined, it is conservatively assumed that it may be such that it could limit

potential land uses of the site. As a result, Remedial Alternative S-4 now requires a land use restriction, as
well as other institutional controls, to limit future exposure to the site.

SUMMARY

A significant change has occurred with Remedial Alternative S-4, which was selected for

implementation at PSC LF-25. There are two main differences between Remedial Alternative S-4 (as
presented in this ROD) and the original alternative presented in the OU-1 FS and OU-1 Proposed Plan. First,
as a protective measure, Remedial Alternative S-4 now requires that a shot recovery process be performed prior
to the closure of the skeet range. Secondly, procedures which restrict future land uses of the site to non-
residential purposes will now be implemented as part of Remedial Alternative S-4.

Based on USEPA guidance (USEPA, 1989a), the USAF has determined that this significant Pre-ROD
change could have been a logical outgrowth of the information already available to the public. The overall
waste management approach remains the same as the alternative presented in the Proposed Plan. The changes

with Remedial Alternative S-4 only pertain to the timing of the implementation of metals recovery process and

the establishment of institutional controls.

Because the changes to the selected alternatives could have been reasonably anticipated by the public,
a new Proposed Plan and additional public comment are not required. However, as per CERCLA
requirements, these changes have been documented in the OU-1 ROD.



APPENDIX G

GROUNDWATER PROTECTION LIMITS FOR PSC SS-42



GROUNDWATER PROTECTION LIMITS FOR PSC SS-42

INTRODUCTION

Arizona's Soil Remediation Standards requires soil cleanup continue until contaminants remaining

in the soil do not cause or threaten to cause a violation of Aquifer Water Quality Standards (AWQS) at a
point of compliance. Fortunately, the ADEQ developed a screening model for use in determining whether a
soil cleanup level adequately protects groundwater. The screening model was presented in "A Screening
Method to Determine Soil Concentrations Protective of Groundwater Quality," (ADEQ, 1996). This ADEQ
screening model was used to calculate Groundwater Protection Limits (GPLs) for PSC SS-42.

The ADEQ's screening model contains three options for determining GPLs. As an initial screening
step, the organic chemical compounds detected at a site can be compared with a "short list" of compounds
with limited mobility in the subsurface. If the contaminants detected at a site are on the "short list", the

threat to groundwater from that compound is considered negligible and the pre-determined soil remediation

levels (SRLs) or site-specific risk based cleanup levels can serve as the cleanup standard. For other organic
compounds, "Minimum GPLs" are provided. The "Minimum GPLs" are based on a worst-case scenario
(where the whole soil profile is contaminated from surface to groundwater). The "Minimum GPL" can be
selected as the soil remediation level without detailed site-specific information.

The second screening step requires that the site-specific depth to groundwater and the vertical extent
of contamination in the vadose zone be determined. This data is then compared to graphs developed by the
ADEQ which provide "Alternative GPLs". The graphs show "Alternative GPLs" based on the depth to
groundwater and the maximum vertical extent of soil contamination (depth of incorporation). "Alternative

GPLs" represent the maximum contaminant concentration that can remain in soil without threatening to
cause groundwater contamination above the relevant AWQS at a default point-of-compliance.

The third option provided in the ADEQ screening model allows for the determination of a GPL

based on site-specific characteristics. This option entails collecting and documenting site-specific data and

calculation a soil cleanup level using a vadose and saturated zone contaminant fate-and-transport model.
Although use of the ADEQ model is not required, it is recommended. If other contaminant fate-and-
transport models are selected for use they must be pre-approved by the ADEQ.
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BACKGROUND AND SITE-SPECIFIC DATA

As detailed in Section 3.6.1.4 of the OU-1 ROD, vadose zone fate-and-transport modeling was

previously conducted at PSC SS-42 during the OU-1 remedial investigation. Results of this modeling

indicate that petroleum related compounds (i.e. TPH and BTEX) could eventually leach to the groundwater.

However, the vadose zone modeling results conducted as part of the OU-1 remedial investigation did not

predict whether these petroleum related compounds could threaten to cause a violation of the AWQS at a

point of compliance. As a result, GPLs have not been previously established for PSC SS-42.

Although previous fate-and-transport modeling has shown that petroleum related contaminants

(TPH and BTEX) could eventually leach to the groundwater, GPLs can not be calculated for TPH. GPLs

could not be calculated for TPH because there are no numeric water quality standards established for TPH.

Additionally, TPH represents a broad class of petroleum related compounds and not just one specific

constituent. GPLs can only be calculated for individual constituents with AWQSs. Of the petroleum related

constituents with established AWQSs detected at PSC SS-42, BTEX compounds posed the greatest potential

risk to human health. GPLs calculated for BTEX are, therefore, considered representative values established

for the protection of groundwater from the petroleum release at PSC SS-42.

Other site-specific data of importance needed to calculate GPLs for SS-42 include the point of

compliance, depth to groundwater, and depth of incorporation. The site boundaries were identified as the

point of compliance for PSC SS-42. The minimum distance between the site boundaries and the point of

the release at SS-42 is 40 feet (12 meters). Site-specific data collected during the OU-1 remedial

investigation indicates that the depth to groundwater at PSC SS-42 is approximately 310 feet bgs (97.5

meters). Additionally, the deepest detection of BTEX compounds (depth of incorporation) have been
determined to be 180 feet bgs (55 meters).

DETERMINATION OF GROUNDWATER PROTECTION LIMITS FOR PSC SS-42

STEP 1: Initial Screening and Comparison to Minimum GPLs

As an initial screening step, organic chemical compounds of interest at a site are compared to a

"short list" of soil contaminants with limited mobility in the vadose zone. The "short list" of soil

contaminants with limited mobility in the vadose zone include: Chlordane, Heptachlor, Heptachlor

Epoxide, Methoxychlor, Polychlorinated Biphenyls, and Toxaphene. Because the organic chemical

compounds of concern at PSC SS-42 (BTEX) are not on the "short list," additional evaluation was necessary

and the second part of Step 1 was conducted.
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The second part of Step 1 involved comparing the BTEX concentrations detected at PSC SS-42 to

"Minimum GPLs" developed by the ADEQ. The "Minimum GPLs" represent soil concentrations protective
of groundwater quality in a worst-case scenario where the whole soil profile is contaminated from surface to

groundwater. "Minimum GPLs" for BTEX are listed on Table 3-60 of the Luke AFB OU-1 ROD.

Comparison of site specific data collected during the OU-1 remedial investigation of PSC SS-42 to the
"Minimum GPLs" indicates that the detected concentrations of BTEX exceed the "Minimum GPLs."

Therefore, additional evaluation was required and Step 2 of the ADEQ model was conducted to determine

GPLs for PSC SS-42.

STEP 2: Alternative GPL Determination

Step 2 can only be used if the site is adequately characterized for depth to groundwater and

maximum vertical extent of soil of contamination. Because PSC SS-42 was adequately characterized as part

of the OU-1 remedial investigation, Step 2 could be used to determine GPLs. As previously described, the

site-specific depth to groundwater has been identified as 97.5 meters and the depth of incorporation has been
defined as 55 meters.

Base on numerous model runs, the ADEQ developed a series of graphs for common organic

contaminants (BTEX, TCE, and PCE). From these graphs an "Alternative GPL" can be determined based
on the site-specific depth to groundwater and the depth of contaminant incorporation. A default point of

compliance (33 meters) from the point of the release was used in the model calculations. If the
concentration of a contaminant at the site is below the "Alternative GPL" determined from the graph, the

soil contaminant concentration is considered protective of groundwater.

The graphs of "Alternative GPLs" developed by the ADEQ for BTEX are included as Tables 1
through 4. As shown on Tables 1 though 4, the "Alternative GPL" values developed by the ADEQ were

limited to a depth of incorporation of 50 meters. Unfortunately, site specific data for PSC SS-42 indicates
that the depth incorporation for BTEX of 55 meters. Therefore, GPLs could not be determined for PSC SS-
42 using Step 2 of the ADEQ screening model.

STEP 3: Site Specific Modeling

As a consequence of the limited depth of incorporation range presented in the ADEQ "Alternative
GPL" tables (Tables 1 through 4), a site-specific model had to be used to determine GPLs for PSC SS-42.
The ADEQ screening model was selected for use in this evaluation.
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Site specific depth to groundwater (97.5 meters), distance to the compliance point (12 meters), and

depth of incorporation (55 meters) were incorporated into the model. All other input parameters were the

same as those used by the ADEQ in the default model which was used to develop the "Alternative GPL"
graphs. These default input parameters were determined "reasonable" by the Working Group to establish a

vadose zone base-case scenario.

After establishing model input parameters, GPLs were calculated for each of the BTEX compounds.

Modeling results are summarized in Table 5. Model output data are provided in Attachments A through D.

The GPL calculated for benzene was 154,100 mg/kg (milligrams per kilogram). Modeling results
for toluene, ethylbenzene, and xylenes resulted in the GPL calculation exceeding 100% saturation. The
resultant model output denotes "Groundwater Not Threatened (GW NT)" when the GPL value is beyond the
model's capacity to yield a theoretical concentration.

As shown in Table 5 and in Attachments A through D, several model runs were conducted using
varying depths of incorporation and varying depths to groundwater. These additional runs were conducted
so that GPLs could be established for a variety of potential site conditions in the event confirmation
sampling at PSC SS-42 yields a different depth of incorporation and depth to groundwater than indicated by
previously collected site characterization data. The results of the additional modeling runs are summarized
below.

• GPLs calculated for benzene ranged from 8,685 mg/kg (55m depth of incorporation
and 90m depth to groundwater) to 400,600 mg/kg (55m depth of incorporation and
100m depth to groundwater).

GPLs calculated for the ethylbenzene ranged from 679 mg/kg (55m depth of
incorporation and 70m depth to groundwater) to GWNT at variable depths.

• GPLs calculated for toluene ranged from 35,310 mg/kg (55m depth of incorporation
and 70m depth to groundwater) to GWNT at variable depths.

GPLs calculated for xylenes ranged from 23,580 mg/kg (55m depth of incorporation
and 70m depth to groundwater) to GWNT at variable depths.
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Table 1

Alternative GPLs for BENZENE

(Numbers in (able are GPLs in mg/kg) . ||

Depth
to

Water
(ni)

Gin

10m
20m

30m

40m
50m

60m

70m
80m

90m

100m

•

Depth of Incorporation (in)

5m

10
678

35,930

1,751,000

10m

0.707
74.8

4,095

202,000

| Hair-Life = 1000 days

20m

0.707

74.3

4,033

197,700

30m

0.707

74.3

4,033

197,700

40m

0.707
75.2

4,033

197,700

50m

u.,u,

84.0
4,032

197,700



Table 2

1 AHernative GFLfr for TOLUENE

(Numbers in table are OPLs in mg/kg)

Depth
to

Water
(in)

Oin

10m

20m

30m

40m

50m

60m

70m

80m

90m

100m

Depth of Incorporation (in)

5m

10480

2,534,000

*

10m

402

159,800

32,140,000

| Hair-Life = 1000 days

20m

402

162,700

32,040,000

30m

•

402

219,100

32,030,000

40m

402

371,000

33,090,000

50m

402

711,900

41,620,000



Table 3

Alternative GPLs for ETHYLBENZENE 1

(Numbers in table are OPLs in mg/kg)

Depth
to

Water
(in)

Om

10m

1 20m

Deptli of Incorporation (in) ||

5m

1,731

117,100
—— — — 1 — • — • ————

30m 1 6,183,000

40m

50m

60m

70m

80m

90m

100m

10m

124

12,900

704,200

Half-Life = 1000 days

20m

124

12,820

693,200

30m

124

12,890

693,200

40m

•

124

14,640

693,100

50m

10,fJU

693,200

.

I



Table 4

Alternative GFLs for o-XYLENE |

(Numbers in (able are GPLs in mg/kg) ||

1Depth
to

Water
(m)

Oin

10m
20m

Dcplli of Incorporation (m)

5m

36,570

3,642,000

30m |

1 40m I————— ii ———————— i
50m

60m

70m

80m 1

I 9°m 1
100m I

1

10m

2,161

341,000

27,720,000

Half-Life = 1000 days

20m

2,161

339,800

30m

2,161

348,000

.

40m

2,161

. 420,800

50m

'

I
I

2,161

577,400

GNT = Grounuwaler Not Threatened



Table 5: Groundwater Protection Limits (GPLs) for PSC SS-42

Benzene GPLs (mg/kg), PSC SS-42
Depth to GW

Meters
80
90

97.5
100
105

Depth of Incorporation(meters)
40

59170
50

59190

55

8685
154100
400600

60

59180

65

59190

Toluene GPLs (mg/kg), PSC SS-42
Depth to GW

(meters)
70
75
80

97.5
100

Depth of Incorporation(meters)
50

GWNT

55
35310
282100
GWNT
GWNT
GWNT

60

GWNT

Ethylbenzene GPLs (mg/kg), PSC SS-42
Depth to GW

(meters)
70
80
85
90

97.5
100

Depth of Incorporation (meters)
50

213000

55
679

30700
213000
GWNT
GWNT

60

GWNT

Xylene GPLs (mg/kg), PSC SS-42
Depth to GW

(meters)
70
75
80

97.5
100

Depth of Incorporation (meters)
50

GWNT

55
23580
170900
GWNT
GWNT

60

GWNT

Notes:
GW NT = Ground Water Not Threatened
Distance to compliance point = 12.0 meters
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ATTACHMENT A

GPL Model Runs for Benzene



ARIZONA DEPARTMENT OF ENVIRONMENTAL QUALITY
GROUNDWATER PROTECTION LEVEL MODEL

•••OUTPUT FROH VAOOSE-ZONe MODEL
TION INPUT TO SATURATED "OKL

(V-Z Dt)/(S-Z Dt - 25.46

SITE NAME / ID

2900 5000 7900. 10000. 12500. 15000. 17500. 20000 22500 29000.
TIME (days)

LIQUID PHASE CONCENTRATION VS TIME (CORRECTED TO INITIAL BREAKTHROUGH)

>
&

za
§

9 OOOE-OI

a OOOE-OI

7. OOOE-OI

GDOOE-M

5 OOOE-OI

4 OOOE-OI

3. OOOE-OI

2 OOOE-OI

1. OOOE-OI

- - - VAOOSE ZONE
___ SATURATED ZONE

/"•

/ \
1 \

\

' /"\ *

/ / N. \

j/ ^̂ aii

benzene

KOC = .6450E+02 cmVg
KH = .2210E-I-00
HALF-LIFE (IN VADOSE ZONE) - .10E+04 days
HALF-LIFE (IN SATURATED ZONE) = .10E+04 days
GROUNDHATER STANDARD * 5.0000 ug/L
SOIL HEALTH-BASED GUIDANCE LEVEL = 47.00 mg/kg

12.0 m

DEPTH TO GROUNOWATER = 97.5 m
AQUIFER MIXING-CELL FACTOR -1.0
DISTANCE TO COMPLIANCE POINT =
BULK DENSITY - 1.50 g/cm3
POROSITY • .25
SOIL FOC = .0010
AQUIFER FOC = .0010
SOIL MOISTURE CONTENT = .15
MOISTURE FLUX THROUGH WASTE CELL
MOISTURE FLUX OUTSIDE WASTE CELL
GROUNDWATER VELOCITY = 10.00 cm/day
DIFFUSION LAYER THICKNESS • .50 cm
DEPTH OF INCORPORATION = 55.000 m
RELEASE WIDTH = 10.0 m
AIR DIFFUSION COEF. - .7000E+04 cmVday
WATER DIFFUSION COEF. • .7000E+00 cmVday
INITIAL CONTAMINANT CONCENTRATION IN SOIL

70E-02 cm/day
70E-02 cm/day

1 ug/cm

00 9000 10000 19000. 3)000. 29000. 30000. 39000. 40000 45000 50000
TIME (days)

VAOOSE-ZONE TIME TO PEAK - .1274E+05 days
VAOOSE-ZONE PEAK CONCENTRATION = .5056E-04 ug/L
SATURATED-ZONE TIME TO PEAK = .1291E+05 days
SATURATED-ZONE PEAK CONCENTRATION • .1966E-04 ug/L
CELL THICKNESS AT COMPLIANCE POINT = 6.2 cm
CELL GPL - .1541E+06 mg/kg

LIQUID PHASE CONCENTRATION VS TIME FOR VADOSE-ZONE AND SATURATED ZONE MODELS



ARIZONA DEPARTMENT OF ENVIRONMENTAL QUALITY
GROUNDWATER PROTECTION LEVEL MODEL

"•••OUTPUT FRW MOOSE-ZOIC WC€l
UHCTICM INPUT TO SATURATED M06L

(V-Z Dt)/(S-Z Dtl- 15.67

SITE NAME / ID

1500. 3000 4500 1000. 7900 9000
TIME (0«ys)

10500 12000. 13500. 15000.

LIQUID PHASE CONCENTRATION VS TIME (CORRECTED TO INITIAL BREAKTHROUGH)

1.350E-*

1.200E-0-

1 050E-*

9 OOOE-OI

7 500E-N

6.000E-OI

4.500E-W

3 OOOE-M

1 500E-OI

• \
1 «
/ * - - - VADOSE ZONE

___ SATURATED ZONE

1
1
1
1
1
1
1
1c\ **I \ 1

\ \

^^"^ t̂a

00 5000. 10000 15000. 20000. 25000. 30000. 36000 40000 45000 50000.
TIME (diys)

benzene

KOC = .6450E+02 cmVg
KH = .2210E+00
HALF-LIFE (IN VAOOSE ZONE) = .10E+04 days
HALF-LIFE (IN SATURATED ZONE) • .10E+04 days
GROUNDHATER STANDARD = 5.0000 ug/L
SOIL HEALTH-BASED GUIDANCE LEVEL - 47.00 mg/kg

12.0 m

DEPTH TO GROUNOHATER * 80.0 m
AQUIFER MIXING-CELL FACTOR = 1.0
DISTANCE TO COMPLIANCE POINT =
BULK DENSITY - 1.50 g/cm3
POROSITY - .25
SOIL FOC = .0010
AQUIFER FOC « .0010
SOIL MOISTURE CONTENT = .15
MOISTURE FLUX THROUGH WASTE CELL
MOISTURE FLUX OUTSIDE WASTE CELL
GROUNOWATER VELOCITY - 10.00 cm/day
DIFFUSION LAYER THICKNESS = .50 cm
DEPTH OF INCORPORATION = 40.000 m
RELEASE HIDTH = 10.0 m
AIR DIFFUSION COEF. = .7000E+04 cmVday
WATER DIFFUSION COEF. =• .7000E+00 cmVday
INITIAL CONTAMINANT CONCENTRATION IN SOIL

70E-02 cm/day
70E-02 cm/day

1 ug/cm3

VADOSE-ZONE TIME TO PEAK = .1187E+05 days
VADOSE-ZONE PEAK CONCENTRATION • .1317E-03 ug/L
SATURATED-ZONE TIME TO PEAK = .1213E+05 days
SATURATED-ZONE PEAK CONCENTRATION = .5121E-04 ug/L
CELL THICKNESS AT COMPLIANCE POINT = 6.2 cm
CELL GPL « .5917E+05 mg/kg

LIQUID PHASE CONCENTRATION VS TIME FOR VADOSE-ZONE AND SATURATED ZONE MODELS



ARIZONA DEPARTMENT OF ENVIRONMENTAL QUALITY
GROUNDWATER PROTECTION LEVEL MODEL

BOUTfVr FflON VA005E-ZONE MODEL
UNCTION INPUT TO SATURATED KOOEL

(V-Z Dt)/(S-Z Dt = 23.51

00 2500. MOO 7900 10000 12900. 19000 17500. 20000. 22900 29000

SITE NAME / ID

LIQUID PHASE CONCENTRATION VS TIME (CORRECTED TO INITIAL BREAKTHROUGH)

1
|

i

1 350E-0-

1.200E-0*

1.090E-0.

9 OOOE-OI

7 900E-W

6.000E-M

4 900E-W

3. OOOE-OI

1 900E-W

.' \
\ - - - VADOSE ZONE

1 ___ SATURATED ZONE

/ \
1 \

' I

&'

Thm

00 9000. 10000. 19000 20000. 29000 30000 39000 40001. 49001 WOOL
TIME (days)

benzene

KOC =• .6450E+02 cmVg
KH * .2210E+00
HALF-LIFE (IN VADOSE ZONE) = .10E+04 days
HALF-LIFE (IN SATURATED ZONE) » .10E+04 days
GROUNDHATER STANDARD « 5.0000 ug/L
SOIL HEALTH-BASED GUIDANCE LEVEL - 47.00 mg/kg

12.0 m

DEPTH TO GROUNOHATER = 90.0 m
AQUIFER MIXING-CELL FACTOR =1.0
DISTANCE TO COMPLIANCE POINT =
BULK DENSITY - 1.50 g/cm3
POROSITY - .25
SOIL FOC - .0010
AQUIFER FOC = .0010
SOIL MOISTURE CONTENT = .15
MOISTURE FLUX THROUGH WASTE CELL-
MOISTURE FLUX OUTSIDE HASTE CELL
GROUNDHATER VELOCITY = 10.00 cm/day
DIFFUSION LAYER THICKNESS = .50 cm
DEPTH OF INCORPORATION = 50.000 m
RELEASE HIDTH = 10.0 m
AIR DIFFUSION COEF. • .7000E+04 cmVday
HATER DIFFUSION COEF. - .7000E+00 cmVday
INITIAL CONTAMINANT CONCENTRATION IN SOIL = 1

70E-02 cm/day
70E-02 cm/day

ug/cm

VADOSE-ZONE TIME TO PEAK - .1200E+05 days
VADOSE-ZONE PEAK CONCENTRATION = .1317E-03 ug/L
SATURATED-ZONE TIME TO PEAK = .1217E+05 days
SATURATED-ZONE PEAK CONCENTRATION = .5120E-04 ug/L
CELL THICKNESS AT COMPLIANCE POINT = 6.2 cm
CELL GPL • .5919E+05 mg/kg

LIQUID PHASE CONCENTRATION VS TIME FOR VAOOSE-ZONE AND SATURATED ZONE MODELS



ARIZONA DEPARTMENT OF ENVIRONMENTAL QUALITY
GROUNDWATER PROTECTION LEVEL MODEL

•OUTFVT FflOW VAOOSE-ZONE MODEL
TION INPUT TO SATURATED HGOEL

(V-Z Ot)/(S-Z Dt = 17.63

00 2900 9000 7900 10000. 12900. 15000. 17500. 20000 22500 29000

SITE NAME / ID

LIQUID PHASE CONCENTRATION VS TIME (CORRECTED TO INITIAL BREAKTHROUGH)

l.OOOE-OI

9 OOOE-0-

B.OOOE-0-

7 OOOE-0.

6 OOOE-tt

S.DOOE-Oi

1 oooe-o

3.000E-IV

2 OOOE-0-

I.OOOE-O

.00

- - - VAOOSE ZONE
___ SATURATED ZONE

benzene

KOC = .6450E+02 cm3/g
KH = .2210E+00
HALF-LIFE (IN VADOSE ZONE) - .10E+04 days
HALF-LIFE (IN SATURATED ZONE) = .10E+04 days
GROUNDHATER STANDARD =• 5.0000 ug/L
SOIL HEALTH-BASED GUIDANCE LEVEL = 47.00 mg/kg

DEPTH TO GROUNDWATER = 90.0 m
AQUIFER MIXING-CELL FACTOR = 1.0
DISTANCE TO COMPLIANCE POINT = 12.0 ffl
BULK DENSITY - 1.50 g/cm3
POROSITY - .25
SOIL FOC = .0010
AQUIFER FOC « .0010
SOIL MOISTURE CONTENT = .15
MOISTURE FLUX THROUGH WASTE CELL- .70E-02 cm/day
MOISTURE FLUX OUTSIDE WASTE CELL- .70E-02 cm/day
GROUNDHATER VELOCITY - 10.00 cm/day
DIFFUSION LAYER THICKNESS = .50 cm
DEPTH OF INCORPORATION = 55.000 m
RELEASE WIDTH = 10.0 m
AIR DIFFUSION COEF. - .7000E+04 cmVday
WATER DIFFUSION COEF. • .7000E+00 cmVday
INITIAL CONTAMINANT CONCENTRATION IN SOIL = 1 ug/cm3

.00 2900. 5000. 7900. 10000 12900 19000. 17900. 20000. 22900 25000.
TIME (bays)

VADOSE-ZONE TIME TO PEAK • .1047E+05 days
VADOSE-ZONE PEAK CONCENTRATION - .8976E-03 ug/L
SATURATED-ZONE TIME TO PEAK = .1069E+05 days
SATURATED-ZONE PEAK CONCENTRATION = .3489E-03 ug/L
CELL THICKNESS AT COMPLIANCE POINT = 6.2 cm
CELL GPL = .8685E+04 mg/kg

LIQUID PHASE CONCENTRATION VS TIME FOR VADOSE-ZONE AND SATURATED ZONE MODELS



ARIZONA DEPARTMENT OF ENVIRONMENTAL QUALITY
GROUNDWATER PROTECTION LEVEL MODEL

•••••OUTPUT FROM VACOSE-ZDW MODEL
UKTION INPUT TO SATURATED MODEL

(V-Z Dt)/(S-Z Dt)= 19.59

.00 1500. 3000 4500 6000 7500. 9000 10500. ISOOO 13500. 15000

SITE NAME / ID

LIQUID PHASE CONCENTRATION VS TIME (CORRECTED TO INITIAL BREAKTHROUGH)

2 250E-O

2 OOOE-OI

1 750E-OI

I.500E-OI

1.250E-OI

1. OOOE-OI

7.500E-0

5 OOOE-0

2 500E-0

-, - - - VAOOSE ZO*
• ___ SATURATED ZONE

t
1
t
\
\

\
\
\
\

\\ \

1 \ '»
1 \ *•

Xî

benzene

KOC = .6450E+02 cmVg
KH = .2210E+00
HALF-LIFE (IN VADOSE ZONE) * .10E+04 days
HALF-LIFE (IN SATURATED ZONE) = .10E+04 days
GROUNDHATER STANDARD = 5.0000 ug/L
SOIL HEALTH-BASED GUIDANCE LEVEL - 47.00 mg/kg

DEPTH TO GROUNDWATER = 100.0 m
AQUIFER MIXING-CELL FACTOR = 1.0
DISTANCE TO COMPLIANCE POINT = 12.0 m
BULK DENSITY =1.50 g/Cfl)
POROSITY = .25
SOIL FOC = .0010
AQUIFER FOC = .0010
SOIL MOISTURE CONTENT = .15
MOISTURE FLUX THROUGH HASTE CELL- .70E-02 cm/day
MOISTURE FLUX OUTSIDE HASTE CELL- .70E-02 cm/day
GROUNDHATER VELOCITY • 10.00 cm/day
DIFFUSION LAYER THICKNESS = .50 cm
DEPTH OF INCORPORATION • 55.000 m
RELEASE WIDTH = 10.0 m
AIR DIFFUSION COEF. - .7000E+04 crnVday
HATER DIFFUSION COEF. = .7000E+00 cmVday
INITIAL CONTAMINANT CONCENTRATION IN SOIL = 1 ug/cm3

.00 5000. 10000. 15000. 20000. 25000. 30000. 35000. 40000. 45000. 50000.
TIME Idaysl

VADOSE-ZONE TIME TO PEAK = .1326E+05 days
VADOSE-ZONE PEAK CONCENTRATION = .1945E-04 ug/L
SATURATED-ZONE TIME TO PEAK = .1357E+05 days
SATURATED-ZONE PEAK CONCENTRATION = .7564E-05 ug/L
CELL THICKNESS AT COMPLIANCE POINT = 6.2 cm
CELL GPL - .4006E+06 mg/kg

LIQUID PHASE CONCENTRATION VS TIME FOR VAOOSE-ZONE AND SATURATED ZONE MODELS



ARIZONA DEPARTMENT OF ENVIRONMENTAL QUALITY
GROUNDWATER PROTECTION LEVEL MODEL

•••••OUTPUT FROM VADOSE-ZONE NOOEL
___FUNCTION INPUT 10 SATURATED WOEL

(V-Z Dt /(S-Z Dt)= 19.59

SITE NAME / 10

S500. 9000 7500 10000. 12500. 15000 17500. 90000 33500 25000.
TIME (Days)

LIQUID PHASE CONCENTRATION VS TIME (CORRECTED TO INITIAL BREAKTHROUGH)

i

1 350E-0.

1 WOE-ft

1.050E-0.

9 OOOE-OI

7.500E-OI

6.000E-OI

< 500E-OI

3. OOOE-OI

1.500E-OI

1 >

1 - - - VAOOSE ZONE
. ' ___ SATURATED ZONE

' ',

1 \

1 \

\

'/\ ^

' / \ \
/ \ *

' / \ **•
'/ Niw

5000 10000. 15000 JOOOO. 25000 30000 35000 10000. 49000 50000.
TIME (days)

benzene

KOC = .6450E+02 cmVg
KH = .2210E+00
HALF-LIFE (IN VADOSE ZONE) - .10E+04 days
HALF-LIFE (IN SATURATED ZONE) = .10E+04 days
GROUNDWATER STANDARD - 5.0000 ug/L
SOIL HEALTH-BASED GUIDANCE LEVEL = 47.00 mg/kg

1.0
12.0 m

DEPTH TO GROUNDHATER = 100.0
AQUIFER MIXING-CELL FACTOR =
DISTANCE TO COMPLIANCE POINT =
BULK DENSITY - 1.50 g/cm3
POROSITY - .25
SOIL FOC • .0010
AQUIFER FOC = .0010
SOIL MOISTURE CONTENT = .15
MOISTURE FLUX THROUGH WASTE CELL
MOISTURE FLUX OUTSIDE WASTE CELL
GROUNDWATER VELOCITY = 10.00 cm/day
DIFFUSION LAYER THICKNESS = .50 cm
DEPTH OF INCORPORATION = 60.000 m
RELEASE WIDTH = 10.0 m
AIR DIFFUSION COEF. - .7000E+04 cmVday
WATER DIFFUSION COEF. • .7000E+00 cmVday
INITIAL CONTAMINANT CONCENTRATION IN SOIL

70E-02 cm/day
70E-02 cm/day

1 ug/cra3

VADOSE-ZONE TIME TO PEAK = .1183E+05 days
VADOSE-ZONE PEAK CONCENTRATION - .1317E-03 ug/L
SATURATED-ZONE TIME TO PEAK = .1212E+05 days
SATURATED-ZONE PEAK CONCENTRATION = .5120E-04 ug/L
CELL THICKNESS AT COMPLIANCE POINT = 6.2 cm
CELL GPL = .591BE+05 rag/kg

LIQUID PHASE CONCENTRATION VS TIME FOR VADOSE-ZONE AND SATURATED ZONE MODELS



ARIZONA DEPARTMENT OF ENVIRONMENTAL QUALITY
GROUNDWATER PROTECTION LEVEL MODEL

XUTPUT FflW VAOOSE-ZOHE HOTEL
TIOH imjr TO SATUUTED WCEL

(V-Z Dt / S-Z Otl* 20.57

SITE NAME / ID

2900 9000. 7900. 10000. 1SSOO. 15000 17500. 20000 22900 29000.
TIME (days)

LIQUID PHASE CONCENTRATION VS TIME (CORRECTED TO INITIAL BREAKTHROUGH)

1 350E-0.

1 JOOE-ft

1 090E-0

9.000E-OI

7 900E-OI

6 OOOE-0

4 900E-0

3 OOOE-OI

i sooE-a

1 «
1 1

\ - - - VAOOSE ZOHE
/ . ___ SATURATED 20K

» >
\

' \

1 1

I

( \
^^L |

' / \ */ V1''/ \J^

benzene

KOC • .6450E+02 cm7g
KH = .2210E+00
HALF-LIFE (IN VADOSE ZONE) - .10E+04 days
HALF-LIFE (IN SATURATED ZONE) = .10E+04 days
GROUNDHATER STANDARD - 5.0000 ug/L
SOIL HEALTH-BASED GUIDANCE LEVEL = 47.00 mg/kg

12.0 m

DEPTH TO GROUNDHATER = 105.0 m
AQUIFER MIXING-CELL FACTOR =1.0
DISTANCE TO COMPLIANCE POINT =
BULK DENSITY - 1.50 g/cm3
POROSITY - .25
SOIL FOC - .0010
AQUIFER FOC = .0010
SOIL MOISTURE CONTENT = .15
MOISTURE FLUX THROUGH HASTE CELL
MOISTURE FLUX OUTSIDE HASTE CELL
GROUNDHATER VELOCITY = 10.00 cm/day
DIFFUSION LAYER THICKNESS - .50 cm
DEPTH OF INCORPORATION = 65.000 m
RELEASE HIDTH = 10.0 m
AIR DIFFUSION COEF. • .7000E+04 cmVday
HATER DIFFUSION COEF. - .7000E+00 cmVday
INITIAL CONTAMINANT CONCENTRATION IN SOIL - 1

70E-02 cm/day
70E-02 cm/day

ug/cm3

9000. 10000 19000 20000. 29000. 30000. 35000. 40000. 49000 90000
TIME (diysl

VAOOSE-ZONE TIME TO PEAK • .1201E+05 days
VAOOSE-ZONE PEAK CONCENTRATION = .1317E-03 ug/L
SATURATED-ZONE TIME TO PEAK = .1216E+05 days
SATURATED-ZONE PEAK CONCENTRATION = .5120E-04 ug/L
CELL THICKNESS AT COMPLIANCE POINT = 6.2 cm
CELL GPL - .5919E+05 mg/kg

LIQUID PHASE CONCENTRATION VS TIME FOR VADOSE-ZONE AND SATURATED ZONE MODELS



ATTACHMENT B

GPL Model Runs for Toluene



ARIZONA DEPARTMENT OF ENVIRONMENTAL QUALITY
GROUNDWATER PROTECTION LEVEL MODEL

1
s
i

•••••OUTPUT FFOM VAOOSE-ZONE HOOEL
UNCTION INPUT TO SATURATED HOOEL

(V-Z Dt)/(S-Z Dt)> 26.63

2500. 5000. 7500. 10000. 12900. 15000. 17500. 20000. 22SOO. 25000

SITE NAME / ID

LIQUID PHASE CONCENTRATION VS TIME (CORRECTED TO INITIAL BREAKTHROUGH)

.00

.00

00

§
i

00

00

.00

- - VUJOSE ZONE
__ 5ATUUTEO ZONE

.00 9000. 10000. 15000 SOOOO. 29000 30000. 39000 '0000. 49000 90000
TIME (days)

toluene

KOC * .2570E+03 cmVg
KH - .2690E+00
HALF-LIFE (IN VADOSE ZONE) • .10E+04 days
HALF-LIFE (IN SATURATED ZONE) * .10E+04 days
GROUNOHATER STANDARD = 1000.0000 ug/L
SOIL HEALTH-BASED GUIDANCE LEVEL » 23000.00 mg/kg

12.0 m

DEPTH TO GHOUNDHATER = 97.5 m
AQUIFER MIXING-CELL FACTOR = 1.0
DISTANCE TO COMPLIANCE POINT =
BULK DENSITY -1.50 g/cm3
POROSITY = .25
SOIL FOC = .0010
AQUIFER FOC = .0010
SOIL MOISTURE CONTENT = .15
MOISTURE FLUX THROUGH HASTE CELL
MOISTURE FLUX OUTSIDE WASTE CELL
GROUNOHATER VELOCITY = 10.00 cm/day
DIFFUSION LAYER THICKNESS - .50 cm
DEPTH OF INCORPORATION = 55.000 m
RELEASE HIDTH = 10.0 m
AIR DIFFUSION COEF. - .7000E+04 cmVday
WATER DIFFUSION COEF. - .7000E+00 cmVday
INITIAL CONTAMINANT CONCENTRATION IN SOIL = 1

70E-02 cm/day
70E-02 cm/day

ug/cm3

VADOSE-ZONE TIME TO PEAK - .1652E+05 days
VADOSE-ZONE PEAK CONCENTRATION » .8447E-07 ug/L
SATURATED-ZONE TIME TO PEAK = .1684E+05 days
SATURATED-ZONE PEAK CONCENTRATION « .2960E-07 ug/L
CELL THICKNESS AT COMPLIANCE POINT = 6.2 cm
CELL GPL NOT CALCULATED: GROUNDHATER NOT THREATENED

LIQUID PHASE CONCENTRATION VS TIME FOR VAOOSE-ZONE AND SATURATED ZONE MODELS



ARIZONA DEPARTMENT OF ENVIRONMENTAL QUALITY
GROUNDWATER PROTECTION LEVEL MODEL

3
5

•••OUTPUT FBOK VUOSE-ZONE MOEL
UNCTION INPUT TO S*Tl»UtED MODEL

(V-Z Ot)/(S-Z Dt)- 21.85

00 1500 3000 4900 6000. 7900. 9000. 10900. ISOOO. 13500. 19000

SITE NAME / ID

LIQUID PHASE CONCENTRATION VS TIME (CORRECTED TO INITIAL BREAKTHROUGH)

i
5
$
5
§

9 oooe-w

e.oooE-oi

7.000E-OI

8 OOTE -a

5.000E-OI

4.000E-O

3.000E-0

? OOOE-0

1.000E-0

- - - >UOSE ZONE
___ S*TUMTED ZONE

t"t

\
\
\
\

\

[̂

toluene

KOC = .2570E+03 cmVg
KH = .2690E+00
HALF-LIFE (IN VADOSE ZONE) = .10E+04 days
HALF-LIFE (IN SATURATED ZONE) = .10E+04 days
GROUNDHATER STANDARD = 1000.0000 ug/L
SOIL HEALTH-BASED GUIDANCE LEVEL • 23000.00 mg/kg

12.0 m

DEPTH TO GROUNDWATER = 80.0 m
AQUIFER MIXING-CELL FACTOR =1.0
DISTANCE TO COMPLIANCE POINT -
BULK DENSITY =1.50 g/cra3
POROSITY - .25
SOIL FOC = .0010
AQUIFER FOC = .0010
SOIL MOISTURE CONTENT = .15
MOISTURE FLUX THROUGH WASTE CELL
MOISTURE FLUX OUTSIDE WASTE CELL
GROUNDHATER VELOCITY - 10.00 cm/day
DIFFUSION LAYER THICKNESS « .50 cm
DEPTH OF INCORPORATION = 50.000 m
RELEASE WIDTH = 10.0 m
AIR DIFFUSION COEF. - .7000E+04 cmVday
WATER DIFFUSION COEF. = .7000E+00 cm /day
INITIAL CONTAMINANT CONCENTRATION IN SOIL = 1

70E-02 cm/day
70E-02 cm/day

ug/cm3

00 9000. 10000 19000. MOM 25000 30000. 39000. 40000. 49001 90001.
TIME (Days)

VADOSE-ZONE TIME TO PEAK - .1181E+05 days
VADOSE-ZONE PEAK CONCENTRATION = .5218E-04 ug/L
SATURATED-ZONE TIME TO PEAK = .1210E+05 days
SATURATED-ZONE PEAK CONCENTRATION = .1829E-04 ug/L
CELL THICKNESS AT COMPLIANCE POINT = 6.2 cm
CELL GPL NOT CALCULATED: GROUNDWATER NOT THREATENED

LIQUID PHASE CONCENTRATION VS TIME FOR VADOSE-ZONE AND SATURATED ZONE MODELS



ARIZONA DEPARTMENT OF ENVIRONMENTAL QUALITY
GROUNDWATER PROTECTION LEVEL MODEL

s
Mi

••••OumjT FROM VAOOSE-ZONE MODEL
UNCTION IWUT TO SATURATED DCOCL

(V-Z Dt)/(S-Z Dt • 9.56

1000. 2000 3000 4000. 3000. 6000. 7000. 8000. 9000. 10000

SITE NAME / ID

LIQUID PHASE CONCENTRATION VS TIME (CORRECTED TO INITIAL BREAKTHROUGH)

f

5
l-t

3.

.too

.0900

0800

.0700

0500

.0500

.0400

.0300

0200

0100

.00

- vAoosE ZONE
SATURATED ZONE

.00 2500 5050 7900 10000 12900. 15000 17300. iOOOO. 22500 25000.
TIME (days)

toluene

KOC = .2570E+03 craVg
KH = .2690E+00
HALF-LIFE (IN VADOSE ZONE) = .10E+04 days
HALF-LIFE (IN SATURATED ZONE) = .10E+04 days
GROUNDHATER STANDARD = 1000.0000 ug/L
SOIL HEALTH-BASED GUIDANCE LEVEL • 23000.00 mg/kg

12.0 m

DEPTH TO GROUNDHATER = 70.0 m
AQUIFER MIXING-CELL FACTOR = 1.0
DISTANCE TO COMPLIANCE POINT
BULK DENSITY - 1.50 g/cm3
POROSITY • .25
SOIL FOC = .0010
AQUIFER FOC = .0010
SOIL MOISTURE CONTENT = .15
MOISTURE FLUX THROUGH HASTE CELL-
MOISTURE FLUX OUTSIDE HASTE CELL-
GROUNDHATER VELOCITY - 10.00 cm/day
DIFFUSION LAYER THICKNESS • .50 cm
DEPTH OF INCORPORATION - 55.000 m
RELEASE HIDTH = 10.0 m
AIR DIFFUSION COEF. - .7000E+04 cmVday
HATER DIFFUSION COEF. = .7000E+00 cmVday
INITIAL CONTAMINANT CONCENTRATION IN SOIL = 1

70E-02 cm/day
70E-02 cm/day

ug/cm

VADOSE-ZONE TIME TO PEAK = .9571E+04 days
VAOOSE-ZONE PEAK CONCENTRATION « .5415E-01 ug/L
SATURATED-ZONE TIME TO PEAK = .1015E+05 days
SATURATED-ZONE PEAK CONCENTRATION = .1717E-01 ug/L
CELL THICKNESS AT COMPLIANCE POINT = 6.2 cm
CELL GPL • .3531E+05 rag/kg

LIQUID PHASE CONCENTRATION VS TIME FOR VADOSE-ZONE AND SATURATED ZONE MODELS



ARIZONA DEPARTMENT OF ENVIRONMENTAL QUALITY
GROUNDWATER PROTECTION LEVEL MODEL

•••••OUTPUT row VAOOSE-ZONE MODEL
TION INPUT TO SATURATED MODEL

(V-Z Ot)/(S-Z Ot)« 21.85

1900. 3000 4900 0000 7900 9000 10900. 12000. 13500. 15000

SITE NAME / 10

LIQUID PHASE CONCENTRATION VS TIME (CORRECTED TO INITIAL BREAKTHROUGH)

9 OOOE-O.

B.OOOE-Oi

7.000E-Oi

8 OOOE-O.

9 OOOE-ft

4.000E-»

3 OOOE-O.

2 OOOE-ft

1 OOOE-O

- - - HOOSE ZONE
___ 5ATUUTED ZONE

\
\

\

\

\

\

\
\
\

f\. *

1 Xi^

toluene

KOC = .2570E+03 cm3/9
KH = .2690E+00
HALF-LIFE (IN VAOOSE ZONE) « .10E+04 days
HALF-LIFE (IN SATURATED ZONE) - .10E+04 days
GROUNDHATER STANDARD = 1000.0000 ug/L
SOIL HEALTH-BASED GUIDANCE LEVEL = 23000.00 rag/kg

12.0 m

DEPTH TO GROUNDHATER « 80.0 m
AQUIFER MIXING-CELL FACTOR = 1.0
DISTANCE TO COMPLIANCE POINT =
BULK DENSITY - 1.50 g/cm3
POROSITY = .25
SOIL FOC = .0010
AQUIFER FOC = .0010
SOIL MOISTURE CONTENT = .15
MOISTURE FLUX THROUGH WASTE CELL
MOISTURE FLUX OUTSIDE HASTE CELL
GROUNDHATER VELOCITY - 10.00 cm/day
DIFFUSION LAYER THICKNESS = .50 cm
DEPTH OF INCORPORATION = 55.000 m
RELEASE HIDTH = 10.0 m
AIR DIFFUSION COEF. = .7000E+04 cmVday
HATER DIFFUSION COEF. - .7000E+00 cmVday
INITIAL CONTAMINANT CONCENTRATION IN SOIL

70E-02 cm/day
70E-02 cm/day

1 ug/cm3

00 9000. 10000. 19000. 20000. 25000. 30000. 39000. 40000. 49001 90001.
TIME (days)

VAOOSE-ZONE TIME TO PEAK = .1094E+05 days
VADOSE-ZONE PEAK CONCENTRATION - .6437E-03 ug/L
SATURATED-ZONE TIME TO PEAK = .1156E+05 days
SATURATED-ZONE PEAK CONCENTRATION = .2166E-03 ug/L
CELL THICKNESS AT COMPLIANCE POINT = 6.2 cm
CELL GPL NOT CALCULATED: GROUNDHATER NOT THREATENED

LIQUID PHASE CONCENTRATION VS TIME FOR VADOSE-ZONE AND SATURATED ZONE MODELS



ARIZONA DEPARTMENT OF ENVIRONMENTAL QUALITY
GROUNDWATER PROTECTION LEVEL MODEL

..•..OUTPUT TON MOOSE-ZONE NODEL
riON IWUT TO SATUUTED HODEL

(V-Z Dt /(S-Z Ot)= 10.24

1000 2000 3000. 4000. MOO BOW 7000. 9000 9000. 10000.

SITE NAME / ID

LIQUID PHASE CONCENTRATION VS TIME (CORRECTED TO INITIAL BREAKTHROUGH)

J
I
3
i
z

1

.00900 -

.00800 •

.00700 •

.00600 •

.00500 •

.00400 •

.00300 •

.00200 •

1 OOOE-0

- - - VAOOSE ZONE
____ SATURATED ZONE

\
\
\
\

\
\

\
\

\

^

toluene

KOC * .2570E+03 cmVg
KH = .2690E+00
HALF-LIFE (IN VADOSE ZONE) = .10E+04 days
HALF-LIFE (IN SATURATED ZONE) - .10E+04 days
GROUNDHATER STANDARD = 1000.0000 ug/L
SOIL HEALTH-BASED GUIDANCE LEVEL - 23000.00 mg/kg

12.0 m

DEPTH TO GROUNDHATER = 75.0 m
AQUIFER MIXING-CELL FACTOR = 1.0
DISTANCE TO COMPLIANCE POINT =
BULK DENSITY =1.50 g/cm3
POROSITY - .25
SOIL FOC = .0010
AQUIFER FOC = .0010
SOIL MOISTURE CONTENT = .15
MOISTURE FLUX THROUGH HASTE CELL
MOISTURE FLUX OUTSIDE HASTE CELL
GROUNDHATER VELOCITY - 10.00 cm/day
DIFFUSION LAYER THICKNESS - .50 cm
DEPTH OF INCORPORATION = 55.000 m
RELEASE HIDTH - 10.0 m
AIR DIFFUSION COEF. = .7000E+04 cm'/day
HATER DIFFUSION COEF. • .7000E+00 cmVday
INITIAL CONTAMINANT CONCENTRATION IN SOIL

70E-02 cm/day
70E-02 cm/day

1 ug/cm3

DO 2500. 5000 7500 10000 12900 15000. 17500. 20000. 22900 25000.
TINE (days)

VADOSE-ZONE TIME TO PEAK • .1025E+05 days
VADOSE-ZONE PEAK CONCENTRATION - .6591E-02 ug/L
SATURATED-ZONE TIME TO PEAK = .1084E+05 days
SATURATED-ZONE PEAK CONCENTRATION • .2148E-02 ug/L
CELL THICKNESS AT COMPLIANCE POINT <= 6.2 cm
CELL GPL - .2821E+06 mg/kg

LIQUID PHASE CONCENTRATION VS TIME FOR VADOSE-ZONE AND SATURATED ZONE MODELS



ARIZONA DEPARTMENT OF ENVIRONMENTAL QUALITY
GROUNDWATER PROTECTION LEVEL MODEL

.••••OUTPUT FROM VAOOSE-ZONE MODEL
TION ITFUT TO SATURATED MODEL

(V-Z Ot)/(S-Z Dt)= 27.32

SITE NAME / ID

9900. 9000. 7500. 10000 12500. 15000 17500. 90000. H900 25000.
TIME (days)

LIQUID PHASE CONCENTRATION VS TIME (CORRECTED TO INITIAL BREAKTHROUGH)

5000 10000. 19000. 50000 J50OO 30000. 39000. 40000 45000 50000

toluene

KOC = .2570E+03 craVg
KH = .2690E+00
HALF-LIFE (IN VADOSE ZONE) = .10E+04 days
HALF-LIFE (IN SATURATED ZONE) = .10E+04 days
GROUNDWATER STANDARD = 1000.0000 ug/L
SOIL HEALTH-BASED GUIDANCE LEVEL - 23000.00 mg/kg

DEPTH TO GROUNDWATER = 100.0 m
AQUIFER MIXING-CELL FACTOR -1.0
DISTANCE TO COMPLIANCE POINT <• 12.0 m
BULK DENSITY =1.50 g/cm
POROSITY = .25
SOIL FOC = .0010
AQUIFER FOC = .0010
SOIL MOISTURE CONTENT = .15
MOISTURE FLUX THROUGH HASTE CELL- .70E-02 cm/day
MOISTURE FLUX OUTSIDE HASTE CELL* .70E-02 cm/day
GROUNDWATER VELOCITY - 10.00 cm/day
DIFFUSION LAYER THICKNESS - .50 cm
DEPTH OF INCORPORATION = 55.000 m
RELEASE WIDTH = 10.0 m
AIR DIFFUSION COEF. - .7000E+04 CfflVday
WATER DIFFUSION COEF. « .7000E+00 cm'/day
INITIAL CONTAMINANT CONCENTRATION IN SOIL = 1 ug/cm3

VADOSE-ZONE TIME TO PEAK - .1749E+05 days
VAOOSE-ZONE PEAK CONCENTRATION - .2349E-07 ug/L
SATURATED-ZONE TIME TO PEAK = .1779E+05 days
SATURATED-ZONE PEAK CONCENTRATION = .8230E-08 ug/L
CELL THICKNESS AT COMPLIANCE POINT = 6.2 cm
CELL GPL NOT CALCULATED: GROUNDWATER NOT THREATENED

LIQUID PHASE CONCENTRATION VS TIME FOR VADOSE-ZONE AND SATURATED ZONE MODELS



ARIZONA DEPARTMENT OF ENVIRONMENTAL QUALITY
GROUNDWATER PROTECTION LEVEL MODEL

OUTPUT FRCH VAOOSE-ZONE WOEl
UNCTION INPUT TO SATUUTED MODEL

V-Z Dt)/(S-Z Ot)= 27.32

00 2900. 9000. 7900. 10000 19900. 19000 17900. 90000 22900 29000.

SITE NAME / ID

LIQUID PHASE CONCENTRATION VS TIME (CORRECTED TO INITIAL BREAKTHROUGH)

5
i

oo

00

.00

.00

.00

00

.00

.00

.00

00

.00

• - V100SE ZONE
_ SOTUMTEO ZONE

00 9000. 10000. 19000. 20000. 29000. 30000 39000. 40000. 49000. 90000
TIME (days)

toluene

KOC = .2570E+03 cm 7g
KH = .2690E+00
HALF-LIFE (IN VADOSE ZONE) = .10E+04 days
HALF-LIFE (IN SATURATED ZONE) • .10E+04 days
GROUNDHATER STANDARD = 1000.0000 ug/L
SOIL HEALTH-BASED GUIDANCE LEVEL * 23000.00 mg/kg

DEPTH TO GROUNDHATER - 100.0 m
AQUIFER MIXING-CELL FACTOR = 1.0
DISTANCE TO COMPLIANCE POINT = 12.0 m
BULK DENSITY - 1.50 g/cm3
POROSITY - .25
SOIL FOC = .0010
AQUIFER FOC - .0010
SOIL MOISTURE CONTENT = .15
MOISTURE FLUX THROUGH HASTE CELL" .70E-02 cm/day
MOISTURE FLUX OUTSIDE HASTE CELL- .70E-02 cm/day
GROUNOHATER VELOCITY = 10.00 cm/day
DIFFUSION LAYER THICKNESS = .50 cm
DEPTH OF INCORPORATION = 60.000 m
RELEASE HIDTH = 10.0 m

.7000E+04 cm'/day
2 /

AIR DIFFUSION COEF.
HATER DIFFUSION COEF. - .7000E+00 cm'/day
INITIAL CONTAMINANT CONCENTRATION IN SOIL 1 ug/cm3

VADOSE-ZONE TIME TO PEAK - .155BE+05 days
VADOSE-ZONE PEAK CONCENTRATION - .3042E-06 ug/L
SATURATED-ZONE TIME TO PEAK = .1589E+05 days
SATURATED-ZONE PEAK CONCENTRATION = .1066E-06 ug/L
CELL THICKNESS AT COMPLIANCE POINT = 6.2 cm
CELL GPL NOT CALCULATED: GROUNDHATER NOT THREATENED

LIQUID PHASE CONCENTRATION VS TIME FOR VADOSE-ZONE AND SATURATED ZONE MODELS



ATTACHMENT C

GPL Model Runs for Ethylbenzene



ARIZONA DEPARTMENT OF ENVIRONMENTAL QUALITY
GROUNDWATER PROTECTION LEVEL MODEL

IIIilOumjT FROM MOOSE-ZONE MODEL
___FUNCTION INPUT TO UTUUTED NODEl

(V-Z Dt) / (S-Z Dt)= 18.62

oo 1900. 3000 «oo woo. 7900. 9000 10500 12000 13900 19000.

SITE NAME / ID

LIQUID PHASE CONCENTRATION VS TIME (CORRECTED TO INITIAL BREAKTHROUGH)

00 2500 9000 7900 10000. 12900 19000. 17900. 20000. 22500 24999

ethylbenzene

KOC • .9500E+02 cra/g
KH = .2700E+00
HALF-LIFE (IN VADOSE ZONE) = .10E+04 days
HALF-LIFE (IN SATURATED ZONE) » .10E+04 days
GROUNOWATER STANDARD = 700.0000 ug/L
SOIL HEALTH-BASED GUIDANCE LEVEL - 12000.00 mg/kg

DEPTH TO GROUNDHATER » BO.O m
AQUIFER MIXING-CELL FACTOR =1.0
DISTANCE TO COMPLIANCE POINT = 12.0 m
BULK DENSITY - 1.50 g/ci»3
POROSITY = .25
SOIL FOC = .0010
AQUIFER FOC = .0010
SOIL MOISTURE CONTENT = .15
MOISTURE FLUX THROUGH WASTE CELL- .70E-02 cm/day
MOISTURE FLUX OUTSIDE WASTE CELL- .70E-02 cm/day
GROUNDWATER VELOCITY - 10.00 cm/day
DIFFUSION LAYER THICKNESS « .50 cm
DEPTH OF INCORPORATION = 55.000 m
RELEASE WIDTH = 10.0 m
AIR DIFFUSION COEF. = .7000E+04 cmVday
WATER DIFFUSION COEF. • .7000E+00 cmVday
INITIAL CONTAMINANT CONCENTRATION IN SOIL • 1 ug/cm3

VAOOSE-ZONE TIME TO PEAK « .7521E+04 days
VADOSE-ZONE PEAK CONCENTRATION * .3614E-01 ug/L
SATURATED-ZONE TIME TO PEAK = .7727E+04 days
SATURATED-ZONE PEAK CONCENTRATION * .13B2E-01 ug/L
CELL THICKNESS AT COMPLIANCE POINT = 6.2 cm
CELL GPL = .3070E+05 mg/kg

LIQUID PHASE CONCENTRATION VS TIME FOR VADOSE-ZONE AND SATURATED ZONE MODELS



ARIZONA DEPARTMENT OF ENVIRONMENTAL QUALITY
GROUNDWATER PROTECTION LEVEL MODEL

OUTPUT FPJJN VADOSE-ZONC NOOEL
UNCTION INPUT TO SATURATED MODEL

(V-Z DU/IS-Z Dt)= 23.28

00 2500. WOO 7900 10000. 1JSOO 19000 17500. KKXM 22500 25000

SITE NAME / ID

LIQUID PHASE CONCENTRATION VS TIME (CORRECTED TO INITIAL BREAKTHROUGH)
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ethylDenzene

KOC = .9500E+02 cmVg
KH = .2700E+00
HALF-LIFE (IN VADOSE ZONE) = .10E+04 days
HALF-LIFE (IN SATURATED ZONE) * .10E+04 days
GROUNDWATER STANDARD « 700.0000 ug/L
SOIL HEALTH-BASED GUIDANCE LEVEL = 12000.00 mg/kg

DEPTH TO GROUNDHATER = 100.0 ra
AQUIFER MIXING-CELL FACTOR • 1.0
DISTANCE TO COMPLIANCE POINT = 12.0 m
BULK DENSITY - 1.50 g/cm
POROSITY - .25
SOIL FOC = .0010
AQUIFER FOC = .0010
SOIL MOISTURE CONTENT = .15
MOISTURE FLUX THROUGH HASTE CELL= .70E-02 cm/day
MOISTURE FLUX OUTSIDE HASTE CELL= .70E-02 cm/day
GROUNOHATER VELOCITY * 10.00 cm/day
DIFFUSION LAYER THICKNESS « .50 cm
DEPTH OF INCORPORATION = 60.000 m
RELEASE HIDTH = 10.0 m
AIR DIFFUSION COEF. -
HATER DIFFUSION COEF. - .7000E+00 cm'/day
INITIAL CONTAMINANT CONCENTRATION IN SOIL

.7000E+04 cm /day
3 I

1 ug/cm3

9000. 10000 15000 30000 25000 30000. 39000 40001. 45001. 50001.
TIME (days)

VADOSE-ZONE TIME TO PEAK - .1173E+05 days
VADOSE-ZONE PEAK CONCENTRATION - .1117E-03 ug/L
SATURATED-ZONE TIME TO PEAK * .1199E+05 days
SATURATED-ZONE PEAK CONCENTRATION = .4270E-04 ug/L
CELL THICKNESS AT COMPLIANCE POINT = 6.2 cm
CELL GPL NOT CALCULATED: GROUNDHATER NOT THREATENED

LIQUID PHASE CONCENTRATION VS TIME FOR VADOSE-ZONE AND SATURATED ZONE MODELS



ARIZONA DEPARTMENT OF ENVIRONMENTAL QUALITY
GROUNDWATER PROTECTION LEVEL MODEL

•••••OUTPUT FROM VUOSE-ZONE MODEL
___FUNCTIW iwut TO SMKUTEO KOOEL

(V-Z Dt)/(S-Z Ot)= 20.95

SITE NAME / ID

OX. 9000 7900 lOOOO. 12900 ISOOO 17900. 20000 22900. 2SOOO.
TIME toys)

LIQUID PHASE CONCENTRATION VS TIME (CORRECTED TO INITIAL BREAKTHROUGH)
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ethylbenzene

KOC = .9500E+02 cmVg
KH = .2700E+00
HALF-LIFE (IN VADOSE ZONE) = .10E+04 days
HALF-LIFE (IN SATURATED ZONE) - .10E+04 days
GROUNOHATER STANDARD = 700.0000 ug/L
SOIL HEALTH-BASED GUIDANCE LEVEL - 12000.00 rag/kg

12.0 m

DEPTH TO GROUNOHATER = 90.0 m
AQUIFER MIXING-CELL FACTOR - 1.0
DISTANCE TO COMPLIANCE POINT =
BULK DENSITY - 1.50 g/cm3
POROSITY - .25
SOIL FOC = .0010
AQUIFER FOC = .0010
SOIL MOISTURE CONTENT « .15
MOISTURE FLUX THROUGH HASTE CELL
MOISTURE FLUX OUTSIDE HASTE CELL
GROUNDHATER VELOCITY - 10.00 cm/day
DIFFUSION LAYER THICKNESS = .50 cm
DEPTH OF INCORPORATION * 55.000 m
RELEASE HIDTH - 10.0 m
AIR DIFFUSION COEF. = .7000E+04 cmVday
HATER DIFFUSION COEF. = .7000E+00 cmVday
INITIAL CONTAMINANT CONCENTRATION IN SOIL = 1

70E-02 cm/day
70E-02 cm/day

ug/cm3

00 3000. 10000 15000. 20000. 29000. 30000 35000 40000 43000 90000.
TIME loaysl

VADOSE-ZONE TIME TO PEAK = .1035E+05 days
VADOSE-ZONE PEAK CONCENTRATION • .7597E-03 ug/L
SATURATED-ZONE TIME TO PEAK = .1058E+05 days
SATURATED-ZONE PEAK CONCENTRATION = .2905E-03 ug/L
CELL THICKNESS AT COMPLIANCE POINT = 6.2 cm
CELL GPL NOT CALCULATED: GROUNDHATER NOT THREATENED

LIQUID PHASE CONCENTRATION VS TIME FOR VADOSE-ZONE AND SATURATED ZONE MODELS



ARIZONA DEPARTMENT OF ENVIRONMENTAL QUALITY
GROUNDWATER PROTECTION LEVEL MODEL

•••••OUTPUT FROM VAOOSE-ZONE MODEL
UNCTION INPUT 10 SATURATED MODEL

(V-Z Dt)/(S-Z Ot)= 10.86

1000. XXX 3000 1000. 5000 BOOO. 7000. MOO. 9000

SITE NAME / ID

LIQUID PHASE CONCENTRATION VS TIME (CORRECTED TO INITIAL BREAKTHROUGH)
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- - - VUOSE ZONE
___ SAIUWTEO ZONE

.00 2500. 5000. 7500 10000. 12300. 13000. 17500. 20000. 22500. 25000.
TIME (days]

ethylbenzene

KOC « .9500E+02 cmVg
KH = .2700E+00
HALF-LIFE (IN VADOSE ZONE) = .10E+04 days
HALF-LIFE (IN SATURATED ZONE) = .10E+04 days
GHOUNDHATER STANDARD = 700.0000 ug/L
SOIL HEALTH-BASED GUIDANCE LEVEL = 12000.00 mg/kg

12.0 m

DEPTH TO GROUNDHATER = 70.0
AQUIFER MIXING-CELL FACTOR =
DISTANCE TO COMPLIANCE POINT
BULK DENSITY =1.50 g/cnf
POROSITY = .25
SOIL FOC = .0010
AQUIFER FOC = .0010
SOIL MOISTURE CONTENT = .15
MOISTURE FLUX THROUGH HASTE CELL- .70E-02 cm/day
MOISTURE FLUX OUTSIDE HASTE CELL- .70E-02 cm/day
GROUNDHATER VELOCITY = 10.00 cm/day
DIFFUSION LAYER THICKNESS = .50 cm
DEPTH OF INCORPORATION = 55.000 m
RELEASE HIDTH =• 10.0 m
AIR DIFFUSION COEF. - .7000E+04 cmVday
WATER DIFFUSION COEF. - .7000E+00 cmVday
INITIAL CONTAMINANT CONCENTRATION IN SOIL = 1 ug/cm3

VADOSE-ZONE TIME TO PEAK • .5442E+04 days
VADOSE-ZONE PEAK CONCENTRATION - .1686E+01 ug/L
SATURATED-ZONE TIME TO PEAK = .5832E+04 days
SATURATED-ZONE PEAK CONCENTRATION ' .6246E+00 ug/L
CELL THICKNESS AT COMPLIANCE POINT = 6.2 cm
CELL GPL - .6793E+03 mg/kg

LIQUID PHASE CONCENTRATION VS TIME FOR VADOSE-ZONE AND SATURATED ZONE MODELS GPL = .2205E+06 mg/kg
(adjusted for .200E+02m perforated interval



ARIZONA DEPARTMENT OF ENVIRONMENTAL QUALITY
GROUNDWATER PROTECTION LEVEL MODEL

(••••OUTPUT FROM VAOOSE-ZO* HOOCL
TIOX IWUT TO SATUUTEO WCEL

(V-Z Ot)/(S-Z Dt)= 22.70

00 2900 5000 7900 10000 12900. 19000. 17500. 20000. 22900. MOM

SITE NAME / ID

LIQUID PHASE CONCENTRATION VS TIME (CORRECTED TO INITIAL BREAKTHROUGH)
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ethylbenzene

KOC = .9500E+02 crnVg
KH = .2700E+00
HALF-LIFE (IN VADOSE ZONE) = .10E+04 days
HALF-LIFE (IN SATURATED ZONE) = .10E+04 days
GROUNDHATER STANDARD = 700.0000 ug/L
SOIL HEALTH-BASED GUIDANCE LEVEL = 12000.00 rog/kg

12.0 m

DEPTH TO GROUNDWATER • 97.5 m
AQUIFER MIXING-CELL FACTOR =1.0
DISTANCE TO COMPLIANCE POINT =
BULK DENSITY =1.50 g/cm3
POROSITY - .25
SOIL FOC = .0010
AQUIFER FOC = .0010
SOIL MOISTURE CONTENT = .15
MOISTURE FLUX THROUGH WASTE CELL'
MOISTURE FLUX OUTSIDE WASTE CELL
GHOUNOWATER VELOCITY - 10.00 cm/day
DIFFUSION LAYER THICKNESS = .50 cm
DEPTH OF INCORPORATION = 55.000 m
RELEASE WIDTH = 10.0 m
AIR DIFFUSION COEF. = .7000E+04 cmVday
HATER DIFFUSION COEF. - .7000E+00 cmVday
INITIAL CONTAMINANT CONCENTRATION IN SOIL

70E-02 cm/day
70E-02 cm/day

1 ug/cm3

10000. 19000. 20000. 29000. 30000. 39000. 40000. 49000. 90000.
TIME (days)

VAOOSE-ZONE TIME TO PEAK = .1257E+05 days
VADOSE-ZONE PEAK CONCENTRATION = .4291E-04 ug/L
SATURATED-ZONE TIME TO PEAK = .1275E+05 days
SATURATED-ZONE PEAK CONCENTRATION = .1641E-04 ug/L
CELL THICKNESS AT COMPLIANCE POINT = 6.2 cm
CELL GPL NOT CALCULATED: GROUNDWATER NOT THREATENED

LIQUID PHASE CONCENTRATION VS TIME FOR VADOSE-ZONE AND SATURATED ZONE MODELS



ARIZONA DEPARTMENT OF ENVIRONMENTAL QUALITY
GROUNDWATER PROTECTION LEVEL MODEL

••OUTPUT FROM VAOOSE-ZONE MODEL
IMCTION INPUT TO SATUUTEO MODEL

(V-Z Dt)/(S-Z Dt)= 19.79

1900 3000. 4900 5000 7900. 9000 10900. 12000 13900. 19000

SITE NAME / ID

LIQUID PHASE CONCENTRATION VS TIME (CORRECTED TO INITIAL BREAKTHROUGH)
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9000. 10000. 19000 20000. 29000. 30000 39000. 40000. 44999 49999

ethylbenzene

KOC « .9500E+02 cm'/g
KH = .2700E+00
HALF-LIFE (IN VADOSE ZONE) = .10E+04 days
HALF-LIFE (IN SATURATED ZONE) = .10E+04 days
GROUNDWATEfl STANDARD = 700.0000 ug/L
SOIL HEALTH-BASED GUIDANCE LEVEL • 12000.00 mg/kg

12.0 m

DEPTH TO GROUNDHATER • 85.0 m
AQUIFER MIXING-CELL FACTOR = 1.0
DISTANCE TO COMPLIANCE POINT •
BULK DENSITY - 1.50 g/cm3
POROSITY - .25
SOIL FOC =• .0010
AQUIFER FOC = .0010
SOIL MOISTURE CONTENT = .15
MOISTURE FLUX THROUGH WASTE CELL
MOISTURE FLUX OUTSIDE HASTE CELL
GROUNDWATER VELOCITY = 10.00 cm/day
DIFFUSION LAYER THICKNESS • .50 cm
DEPTH OF INCORPORATION = 55.000 m
RELEASE WIDTH = 10.0 m
AIR DIFFUSION COEF. • .7000E+04 cmVday
WATER DIFFUSION COEF. - .7000E+00 cmVday
INITIAL CONTAMINANT CONCENTRATION IN SOIL

70E-02 cm/day
70E-02 cm/day

1 ug/cm3

TIME (days)

VADOSE-ZONE TIME TO PEAK - .89BOE+04 days
VAOOSE-ZONE PEAK CONCENTRATION • .5209E-02 ug/L
SATURATED-ZONE TIME TO PEAK = .9165E+04 days
SATURATED-ZONE PEAK CONCENTRATION = .1992E-02 ug/L
CELL THICKNESS AT COMPLIANCE POINT = 6.2 cm
CELL GPL = .2130E+06 mg/kg

LIQUID PHASE CONCENTRATION VS TIME FOR VADOSE-ZONE AND SATURATED ZONE MODELS



ARIZONA DEPARTMENT OF ENVIRONMENTAL QUALITY
GROUNDWATER PROTECTION LEVEL MODEL

••••OUTPUT FROM VAOOSE-ZO* «KL
UNCTION INPUT TO SATURATED MODEL

(V-Z Dt /(S-Z Dt)= 18.62

00 1900. 3000. 4500. BOOO. 7500. 9000 10900. 12000 13900. 15000.

SITE NAME / 10

LIQUID PHASE CONCENTRATION VS TIKE (CORRECTED TO INITIAL BREAKTHROUGH)

00 9500. 5000. 7900 10000 12500 15000 17500 30000. 22500. 24999

ethylbenzene

KOC = .9500E+02 cmVg
KH = .2700E+00
HALF-LIFE (IN VADOSE ZONE) • .10E+04 days
HALF-LIFE (IN SATURATED ZONE) = .10E+04 days
GROUNOHATER STANDARD - 700.0000 ug/L
SOIL HEALTH-BASED GUIDANCE LEVEL - 12000.00 mg/kg

DEPTH TO GROUNDWATER = 80.0 m
AQUIFER MIXING-CELL FACTOR = 1
DISTANCE TO COMPLIANCE POINT = 12.0 in
BULK DENSITY - 1.50 g/cm
POROSITY - .25
SOIL FOC - .0010
AQUIFER FOC = .0010
SOIL MOISTURE CONTENT = .15
MOISTURE FLUX THROUGH HASTE CELL- .70E-02 cm/day
MOISTURE FLUX OUTSIDE HASTE CELL- .70E-02 cm/day
GROUNDHATER VELOCITY - 10.00 cm/day
DIFFUSION LAYER THICKNESS = .50 cm
DEPTH OF INCORPORATION - 50.000 m
RELEASE WIDTH = 10.0 m
AIR DIFFUSION COEF. - .7000E+04 cmVday
WATER DIFFUSION COEF. = .7000E+00 cmVday
INITIAL CONTAMINANT CONCENTRATION IN SOIL • 1 ug/cm3

VADOSE-ZONE TIME TO PEAK = .8825E+04 days
VADOSE-ZONE PEAK CONCENTRATION - .5209E-02 ug/L
SATURATED-ZONE TIME TO PEAK = .9147E+04 days
SATURATED-ZONE PEAK CONCENTRATION • .1992E-02 ug/L
CELL THICKNESS AT COMPLIANCE POINT = 6.2 cm
CELL GPL - .2130E+06 mg/kg

LIQUID PHASE CONCENTRATION VS TIME FOR VADOSE-ZONE AND SATURATED ZONE MODELS



ATTACHMENT D

GPL Model Runs for Xylenes



ARIZONA DEPARTMENT OF ENVIRONMENTAL QUALITY
GROUNDWATER PROTECTION LEVEL MODEL

i••••OUTPUT FROM VAOOSE-ZONE MODEL
___FUNCTItH INPUT TO SATURATED MODEL

(V-Z Dt)/(S-Z Oil- 26.22

2900. 9000 7900 10000 12900. 19000. 17900. 20000. 22SOO. 29000.

SITE NAME / ID

LIQUID PHASE CONCENTRATION VS TIME (CORRECTED TO INITIAL BREAKTHROUGH)
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o-xylene
KOC = .1290E+03 cmVg
KH (CALCULATED AS SVD/CS) =.2560E+00
SATURATED VAPOR DENSHY = .3840E-04 g/c
CHEMICAL SOLUBILITY = .1500E-03 g/cm
HALF-LIFE (IN VADOSE ZONE) » .10E+04 days
HALF-LIFE (IN SATURATED ZONE) = .10E+04 days
GROUNDWATER STANDARD - 10000.0000 ug/L
SOIL HEALTH-BASED GUIDANCE LEVEL = 230000.00 rag/kg

DEPTH TO GROUNDHATER = 97.5 m
AQUIFER MIXING-CELL FACTOR = 1.0
DISTANCE TO COMPLIANCE POINT = 12.0 m
BULK DENSITY -1.50 g/cm3
POROSITY - .25
SOIL FOC * .0010
AQUIFER FOC = .0010
SOIL MOISTURE CONTENT = .15
MOISTURE FLUX THROUGH HASTE CELL- .70E-02 cm/day
MOISTURE FLUX OUTSIDE HASTE CELL- .70E-02 cm/day
GROUNDWATER VELOCITY - 10.00 cm/day
DIFFUSION LAYER THICKNESS « .50 cm
DEPTH OF INCORPORATION = 55.000 m
RELEASE WIDTH = 10.0 m
AIR DIFFUSION COEF. - .7000E+04 cm'/day
WATER DIFFUSION COEF. = .7000E+00 cmVday
INITIAL CONTAMINANT CONCENTRATION IN SOIL = 1 ug/cm3

9000 10000. 19000 20000. 29000. 30000. 39000. 40000. 49000. 90000
TIME (days)

VADOSE-ZONE TIME TO PEAK = .1373E+05 days
VADOSE-ZONE PEAK CONCENTRATION - .6559E-05 ug/L
SATURATED-ZONE TIME TO PEAK = .1400E+05 days
SATURATED-ZONE PEAK CONCENTRATION - .2462E-05 ug/L
CELL THICKNESS AT COMPLIANCE POINT = 6.2 cm
CELL GPL NOT CALCULATED: GROUNDWATER NOT THREATENED

LIQUID PHASE CONCENTRATION VS TIME FOR VADOSE-ZONE AND SATURATED ZONE MODELS



ARIZONA DEPARTMENT OF ENVIRONMENTAL QUALITY
GROUNDWATER PROTECTION LEVEL MODEL

•••OUTPUT FRO" MOOSE-ZONE MODEL
UNCTION INPUT TO StTKUTED MODEL

(V-Z Dt)/(S-Z Dt)« 14.34

1900. 3000 4900 WOO. 7500. 9000. 10500. 12000. 13500. 15000

SITE NAME / ID

LIQUID PHASE CONCENTRATION VS TIME (CORRECTED TO INITIAL BREAKTHROUGH)
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S

00 9900. 9000 7500. 10000. 12500 15000. 17500. 20000. 22900. 29000

o-xylene
KOC = .1290E+03 cmVg
KH (CALCULATED AS SVD/CS) -.2560E+00
SATURATED VAPOR DENSHY = .3840E-04 g/c
CHEMICAL SOLUBILITY = .1500E-03 g/cm
HALF-LIFE (IN VADOSE ZONE) = .10E+04 days
HALF-LIFE (IN SATURATED ZONE) = .10E+04 days
GROUNDWATER STANDARD = 10000.0000 ug/L
SOIL HEALTH-BASED GUIDANCE LEVEL • 230000.00 mg/kg

DEPTH TO GROUNDHATER • BO.O m
AQUIFER MIXING-CELL FACTOR -1.0
DISTANCE TO COMPLIANCE POINT = 12.0 m
BULK DENSITY - 1.50 g/cm3
POROSITY - .25
SOIL FOC - .0010
AQUIFER FOC - .0010
SOIL MOISTURE CONTENT = .15
MOISTURE FLUX THROUGH WASTE CELL= .70E-02 cm/day
MOISTURE FLUX OUTSIDE WASTE CELL= .70E-02 cm/day
GROUNDHATER VELOCITY - 10.00 cm/day
DIFFUSION LAYER THICKNESS = .50 cm
DEPTH OF INCORPORATION = 55.000 m
RELEASE WIDTH = 10.0 m
AIR DIFFUSION COEF. - .7000E+04 cmVday
WATER DIFFUSION COEF. - .7000E+00 cmVday
INITIAL CONTAMINANT CONCENTRATION IN SOIL = 1 ug/cin3

VAOOSE-ZONE TIME TO PEAK - .8185E+04 days
VADOSE-ZONE PEAK CONCENTRATION - .1109E-01 ug/L
SATURATED-ZONE TIME TO PEAK = .8491E+04 days
SATURATED-ZONE PEAK CONCENTRATION = .4161E-02 ug/L
CELL THICKNESS AT COMPLIANCE POINT * 6.2 cm
CELL GPL NOT CALCULATED: GROUNDWATER NOT THREATENED

LIQUID PHASE CONCENTRATION VS TIME FOR VAOOSE-ZONE AND SATURATED ZONE MODELS



ARIZONA DEPARTMENT OF ENVIRONMENTAL QUALITY
GROUNDWATER PROTECTION LEVEL MODEL

••••OUTPUT FROM VAOOSE-20NE MODEL
UNCTION INPUT TO SATURATED MODEL

(V-Z Dt)/(S-Z Dt)= 21.51

00 2900 9000 7900 10000 12900 19000 17900. 30000 29300 99000.

SITE NAME / 10

LIQUID PHASE CONCENTRATION VS TIME (CORRECTED TO INITIAL BREAKTHROUGH)
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o-xylene
KOC = . 1290E+03 crnVg
KH (CALCULATED AS SVD/CS) -.2560E+00
SATURATED VAPOR DENSHY = .3840E-04 g/C
CHEMICAL SOLUBILITY = .1500E-03 g/cm
HALF-LIFE (IN VADOSE ZONE) = .10E+04 days
HALF-LIFE (IN SATURATED ZONE) = .10E+04 days
GROUNDHATEH STANDARD = 10000.0000 ug/L
SOIL HEALTH-BASED GUIDANCE LEVEL • 230000.00 mg/kg

12.0 m

DEPTH TO GROUNDHATER = BO.O m
AQUIFER MIXING-CELL FACTOR = 1.0
DISTANCE TO COMPLIANCE POINT =
BULK DENSITY - 1.50 g/cm3
POROSITY - .25
SOIL FOC « .0010
AQUIFER FOC = .0010
SOIL MOISTURE CONTENT = .15
MOISTURE FLUX THROUGH HASTE CELL
MOISTURE FLUX OUTSIDE HASTE CELL
GROUNDHATER VELOCITY = 10.00 cm/day
DIFFUSION LAYER THICKNESS = .50 cm
DEPTH OF INCORPORATION = 50.000 m
RELEASE HIDTH = 10.0 m
AIR DIFFUSION COEF. - .7000E+04 cmVday
HATER DIFFUSION COEF. - .7000E+00 cmVday
INITIAL CONTAMINANT CONCENTRATION IN SOIL

70E-02 cm/day
70E-02 cm/day

1 ug/cm3

00 9000. 10000. 19000. 20000 29000 30000. 39000 '0000 49000 90000.
TIME Ways]

VADOSE-ZONE TIME TO PEAK - .9763E+04 days
VADOSE-ZONE PEAK CONCENTRATION = .1309E-02 ug/L
SATURATED-ZONE TIME TO PEAK = .1005E+05 days
SATURATED-ZONE PEAK CONCENTRATION = .4914E-03 ug/L
CELL THICKNESS AT COMPLIANCE POINT = 6.2 cm
CELL GPL NOT CALCULATED: GROUNDHATER NOT THREATENED

LIQUID PHASE CONCENTRATION VS TIME FOR VADOSE-ZONE AND SATURATED ZONE MODELS



ARIZONA DEPARTMENT OF ENVIRONMENTAL QUALITY
GROUNDWATER PROTECTION LEVEL MODEL

•liliOUTPUT FROM VAOOSE-ZOIC MODEL
UCTION IWUT TO SATUUTEO HOOEL

(V-Z Dt)/(S-Z Dt)= 26.89

8900 9000. 7900. 10000 I MOO 19000 17900. MOW SJ900 29000.

SITE NAME / 10

LIQUID PHASE CONCENTRATION VS TIME (CORRECTED TO INITIAL BREAKTHROUGH)
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o-xylene
KOC = . 1290E+03 cm3/g
KH (CALCULATED AS SVD/CS) =.2560E+00
SATURATED VAPOR DENSITY = .3840E-04 9/C
CHEMICAL SOLUBILITY - .1500E-03 g/cm
HALF-LIFE (IN VADOSE ZONE) = .10E+04 days
HALF-LIFE (IN SATURATED ZONE) - .10E+04 days
GROUNOWATER STANDARD « 10000.0000 ug/L
SOIL HEALTH-BASED GUIDANCE LEVEL - 830000.00 mg/kg

12.0 m

DEPTH TO GROUNDHATER • 100.0 m
AQUIFER MIXING-CELL FACTOR - 1.0
DISTANCE TO COMPLIANCE POINT =
BULK DENSITY - 1.50 g/cm3
POROSITY - .25
SOIL FOC = .0010
AQUIFER FOC • .0010
SOIL MOISTURE CONTENT = .15
MOISTURE FLUX THROUGH HASTE CELL
MOISTURE FLUX OUTSIDE HASTE CELL
GROUNDHATER VELOCITY • 10.00 cm/day
DIFFUSION LAYER THICKNESS = .50 cm
DEPTH OF INCORPORATION = 60.000 m
RELEASE HIDTH = 10.0 m
AIR DIFFUSION COEF. = .7000E+04 cmVday
HATER DIFFUSION COEF. - .7000E+00 cmVday
INITIAL CONTAMINANT CONCENTRATION IN SOIL =

70E-02 cm/day
70E-02 cm/day

1 ug/cm3

9000. 10000. 15000. MOOO. 29000. 30000. 39000. 39999. 44999 49999.
TIME Mays)

VADOSE-ZONE TIME TO PEAK = .1301E+05 days
VADOSE-ZONE PEAK CONCENTRATION - .1884E-04 ug/L
SATURATED-ZONE TIME TO PEAK * .1323E+05 days
SATURATED-ZONE PEAK CONCENTRATION = .7073E-05 ug/L
CELL THICKNESS AT COMPLIANCE POINT = 6.2 cm
CELL GPL NOT CALCULATED: GROUNDHATER NOT THREATENED

LIQUID PHASE CONCENTRATION VS TIME FOR VADOSE-ZONE AND SATURATED ZONE MODELS



ARIZONA DEPARTMENT OF ENVIRONMENTAL QUALITY
GROUNDWATER PROTECTION LEVEL MODEL

•»»OUTPUT FHO» VAOOSE-ZONE HOOEL
UNCTION INPUT TO SATURATED HOOEL

(V-Z Ot)/(S-Z Dt)= 13.45

1500. 3000 4900 6000 7500. 9000 10500. 12000 13900 15000

SITE NAME / ID

LIQUID PHASE CONCENTRATION VS TIME (CORRECTED TO INITIAL BREAKTHROUGH)

o-xylene
KOC • .1290E+03 cmVg
KH (CALCULATED AS SVD/CS) -.2560E+00
SATURATED VAPOR DENSI1Y = .3840E-04 9/C
CHEMICAL SOLUBILITY - .1500E-03 g/cm
HALF-LIFE (IN VADOSE ZONE) = .10E+04 days
HALF-LIFE (IN SATURATED ZONE) - .10E+04 days
GROUNOHATEH STANDARD = 10000.0000 ug/L
SOIL HEALTH-BASED GUIDANCE LEVEL - 230000.00 mg/kg

12.0 m

DEPTH TO GROUNOWATER = 75.0 ra
AQUIFER MIXING-CELL FACTOR = 1.0
DISTANCE TO COMPLIANCE POINT =
BULK DENSITY =1.50 g/cm'
POROSITY ' .25
SOIL FOC = .0010
AQUIFER FOC = .0010
SOIL MOISTURE CONTENT = .15
MOISTURE FLUX THROUGH WASTE CELL
MOISTURE FLUX OUTSIDE WASTE CELL
GROUNOHATER VELOCITY - 10.00 cm/day
DIFFUSION LAYER THICKNESS - .50 cm
DEPTH OF INCORPORATION = 55.000 m
RELEASE WIDTH - 10.0 m
AIR DIFFUSION COEF. = .7000E+04 cmVday
WATER DIFFUSION COEF. - .7000E+00 cmVday
INITIAL CONTAMINANT CONCENTRATION IN SOIL = 1

70E-02 cm/day
70E-02 cm/day

ug/cm3

2SOO. 5000 1500. 10000. 12900. 15000. 17500. 20000. 22500. 25000.
TIME Ways)

VADOSE-ZONE TIME TO PEAK • .6733E+04 days
VAOOSE-ZONE PEAK CONCENTRATION - .9526E-01 ug/L
SATURATED-ZONE TIME TO PEAK = .7203E+04 days
SATURATED-ZONE PEAK CONCENTRATION - .3545E-01 ug/L
CELL THICKNESS AT COMPLIANCE POINT = 6.2 cm
CELL GPL - .1709E+06 mg/kg

LIQUID PHASE CONCENTRATION VS TIME FOR VADOSE-ZONE AND SATURATED ZONE MODELS



ARIZONA DEPARTMENT OF ENVIRONMENTAL QUALITY
GROUNDWATER PROTECTION LEVEL MODEL

•••»ourPUT nan vtoosc-zcM HOOEL
UNCTIIM IWUT TO S1TUUTEO MODEL

(V-Z Dt)/(S-Z Dt)= 12.55

oo looo. 2000. 3000 4000. 9000. eooo 7000 eooo. 9000. 10000

SITE NAME / ID

LIQUID PHASE CONCENTRATION VS TIME (CORRECTED TO INITIAL BREAKTHROUGH)

.

g

.900

800

.700

m

500

.400

.300

- - - VAOOSE ZONE
___ SATURATED IOe

2900. 9000. 7300 10000. 12900. 15000. 17900. 20000. 22900 24999.
TIME (days!

o-xylene
KOC - .1290E+03 craVg
KH (CALCULATED AS SVD/CS) -.2560E+00
SATURATED VAPOR DENSHY » .3B40E-04 g/c
CHEMICAL SOLUBILITY « .1500E-03 g/cm
HALF-LIFE (IN VAOOSE ZONE) = . 10E+04 days
HALF-LIFE (IN SATURATED ZONE) = .10E+04 days
GROUNDHATER STANDARD = 10000.0000 ug/L
SOIL HEALTH-BASED GUIDANCE LEVEL = 230000.00 dig/kg

12.0 m

DEPTH TO GROUNDWATER = 70.0 m
AQUIFER MIXING-CELL FACTOR = 1.0
DISTANCE TO COMPLIANCE POINT =
BULK DENSITY - 1.50 g/cm3
POROSITY - .25
SOIL FOC - .0010
AQUIFER FOC = .0010
SOIL MOISTURE CONTENT = .15
MOISTURE FLUX THROUGH HASTE CELL
MOISTURE FLUX OUTSIDE HASTE CELL
GROUNDHATER VELOCITY = 10.00 cm/day
DIFFUSION LAYER THICKNESS * .50 cm
DEPTH OF INCORPORATION = 55.000 ffl
RELEASE HIDTH = 10.0 m
AIR DIFFUSION COEF. - .7000E+04 cmVday
HATER DIFFUSION COEF. - .7000E+00 cm /day
INITIAL CONTAMINANT CONCENTRATION IN SOIL

70E-02 cm/day
70E-02 cm/day

1 tig/cm3

VADOSE-ZONE TIME TO PEAK - .6285E+04 days
VADOSE-ZONE PEAK CONCENTRATION = .7156E+00 ug/L
SATURATED-ZONE TIME TO PEAK = .6715E+04 days
SATURATED-ZONE PEAK CONCENTRATION * .2570E+00 ug/L
CELL THICKNESS AT COMPLIANCE POINT = 6.2 cm
CELL GPL = .2358E+05 mg/kg

LIQUID PHASE CONCENTRATION VS TIME FOR VAOOSE-ZONE AND SATURATED ZONE MODELS


